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• ^ PREFACE. 


The  aim  of  this  little  primer  is  not,  as  with  most 
primers,  'to  serve  as  an  inittoduction  to  the  higher 
study  .(though  I should  be  glad  if  it  had  that  effect 
too),  but  to  give  the  young  person,  the  person  with 
little  education,  the  person  who  is  not  studious,  the 
masses,  in  short,  such  a clear  grasp  of  the  general 
principles  of  Darwinism,  that  even  if  they  study  it 
no  further  they  will  henceforth  be  thoroughly  in 
touch  with  it,  .understand  what  it  means,  if  not 
alwiays  .exactly  how  it  works,  be  able  to  join  intelli- 
gently in  conversation  with  people  better  informed 
who  may  be  discussing  it,  find  a fresh  interest  in 
Nature,  and  a ready  explanation  of  many  things 
that  formerly  puzzled  them. 

To  this  intent;  to  make  the  subject  simple, 
clear,  and  interesting  to  the  class  speciaUy 
a dressed,  I have  as  much  as  possible  avoided 
technicalities  and  dry  structural  details. 

I have  written  it  bedause  I could  find  no  work 
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with  the  same  simplicity  of  purpose  and  of  style 
(though  possibly  there  may  be  such),  and  because 
such  a little  work  seemed  to  be  required ; 
for  I have  found  that  .the  class  addressed  have 
generally  little  more  idea  of  what  Darwinism  means 
than  that  it  is  “ an  absurd  idea  that  men  are 
descended  from  monkeys.”  It  is  surely  time 
they  became  better  acquaipted  with  a discovery  so 
vast  that  it  embraces  all  organic  life,  so  well-known 
and  wide-spread  that  it  pervades  every  country  and 
school  of  thought,  andl  so  important  that  it  has 
revolutionised  our  whole  view  of  the  universe  and 
of  what  is  called  “ the  workings  of  Providence,  and 
the  full  influence  of  which  is  not  yet  half  realised. 

Mr.  A.  R.  Wallace,  co-discoverer  with  Darwin,  has 
kindly  looked  over  my  MS.,  and  made  some  correc- 
tions and  comments,  so  that  it  is  not  likely  to  con- 
tain any  serious  inaccuracies.  At  the  same  time  I 
am  not  authorised  to  give  it  his  imprimatur,  be- 
cause, as  he  remarks,  “ There  are  some  things  in 
it  with  which  I do  nof  quite  agree.” 

I have,  for  brevity  and  other  reasons,  confined 
my  arguments  and  illustrations  to  the  Animal  King- 
dom, though  the  same  laws  of  development  apply 
to  the  Vegetable  Kingdom  too. 


A.  J.  Ogilvy. 
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The  . . . 

Elements  of  Darwinism. 

PART  I. 

GENERAL  STATEMENT. 

HEREDITY. 

Every  animal  born  into  the  world  inherits  not 
only  that  general  identity  of  form,  structure,  and 
habits  which  marks  the  species,  so  that  the  offspring 
of  a dog,  no  matter  how  unusual  looking  a dog 
it  may  be,  is  still  unmistakably  a dog,  and  not  a 
cat  or  any  other  species  of  animal,  but  also  (more 
or  less)  those  particular  features  of  the  parent  (or 
some  preceding  ancestor)  that  distinguished  it  from 
other  individuals  of  the  same  species : some 

prominent  feature,  mark,  or  trick  of  habit  for 
instance.  This  tendency  to  transmit  special  char- 
acteristics often  skips  a generation,  sometimes  many 
generations,  to  reappear  unexpectedly,  long  after- 
wards. 
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When  both  parents  exhibit  the  same  peculiarity 
it  is  the  more  likely  to  reappear,  and  in  increased 
degree,  in  the  offspring. 

When  the  two  parents  show  opposite  peculiarities, 
as  when  one  possesses  an  unusually  long  tail  and 
the  other  an  unusually  short  one,  the  two  opposites 
may  cancel  each  other,  and  the  offspring  have  a 
tail  of  the  ordinary  length;  but  more  frequently 
the  two  tendencies  persist  in  opposition,  some  of 
the  offspring  taking  after  one  parent  and  some 
after  the  other,  till  from  causes  which  we  shall 
perhaps  understand  better  later  on,  one  tendency 
gets  the  mastery  and  the  other  disappears,  or  both 
are  lost. 

When  a peculiarity,  lost  for  a long  time,  re- 
appears unexpectedly,  it  is  called  a case  of 
reversion,  and  the  trait  that  thus  reappears  is 
pretty  certain  to  be  one  that  had  persisted  for  a 
long  time  as  a recognised  feature  of  the  species 
before  it  got  lost,  and  thus  throws  light  on  the 
ancestry  of  the  species.  Thus  the  tendency  of  some 
species  to  produce  every  now  and  then  spotted 
offspring  when  the  species  generally  exhibit  no 
spots,  raises  the  suspicion  that  its  ancestors  at 
some  remote  period  were  all  spotted,  and  further 
investigation  generally  tends  to  confirm  the  sus- 
picion into  certainty. 


VARIATION. 


Notwithstanding  this  strong  tendency  to  inherit, 
no  two  offspring  of  the  same  parents,  no  two 
members  of  the  same  species,  are  ever  exactly 
alike.  To  the  ordinary  observer  all  the  sheep  in 
a flock  seem  almost  exactly  alike,  but  the  shepherd 
who  is  with  them  every  day  can  distinguish  them 
easily ; and  twins  in  a human  family  may  resemble 
each  other  so  closely  that  the  stranger  cannot  by 
the  closest  scrutiny  tell  one  from  the  other,  but 
thei  mother  has  not  the  'least  difficulty.  Most 
animals,  however,  are  so  evidently  different  in  some 
respect  or  other,  that  anyone  with  ordinary  power 
of  observation  can  distinguish  them. 

We  cannot  tell  exactly  why  in  a litter  of  puppies 
this  one  should  be  larger  than  the  rest,  that  darker, 
another  rougher-coated ; but  we  can  see  in  a 
general  way  that  the  organic  cells  of  which  an 
animal  is  composed,  and  on  which  its  form,  size, 
structure,  and  disposition  depend,  could  never  be 
arranged  in  exactly  the  same  way  even  though 
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acted  upon  by  the  same  general  forces,  any  more 
than  the  sticks  and  straws  of  which  two  wind-blown 
heaps  consist  could  ever  be  arranged  in  exactly 
the  same  way  though  blown  in  the  same  general 
direction  by  the  same  wind.  Chance  (that  is  the 
action  of  many  different  forces  acting  in  ways  that 

we  cannot  calculate  or  foresee)  must  largely  affect 
the  result. 


THE  LIMIT  TO  INCREASE. 

The  next  point  we  have  to  notice  is  that  all  animals 
require  food,  and  that  while  the  number  of  animals 
tends  constantly  to  increase,  the  supply  of  food 
(in  a state  of  nature)  does  not.  The  same  (average) 
quantity  of  grass,  for  instance,  will  grow  year  by 
year  on  the  same  pasture ; the  same  quantity  of 
fruit  and  seeds  in  the  same  woods ; therefore,  the 
number  of  deer  that  feed  on  that  grass,  and  of 
birds  that  feed  on  those  fruits  and  seeds,  must  not 
increase,  in  spite  of  their  natural  tendency  to  do 
so,  or  they  would  starve,  unless  from  some  cause 
the  pasture  or  the  woods  increased  in  area  by 
encroachment  on  the  surrounding  lands.  No  doubt 
there  will  be  good  seasons  in  which  the  grass  or 
fruit  supply  will  be  greater  than  usual,  and  the 
animals  can  consequently  increase  in  numbers  for 
that  year ; but  there  will  be  bad  seasons  in  which 
the  grass  and  fruit  supply  will  be  less  than  usual,  so 
that  the  number  of  the  species  will  be  reduced  by 
want  for  that  year.  The  average  food  supply  deter- 
mines the  average  number  of  the  species,  or  at  least 
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fixes  its  maximum.  The  elephant  does  not  begin  to 
breed  till  it  is  thirty  years  old,  and  then  has  only 
one  at  a birth,  once  in  several  years ; it  is  the 
slowest  breeding  animal  known.  The  codfish,  on 
the  other  hand,  lays  millions  of  eggs  in  the  year ; 
but  notwithstanding  that,  both  elephant  and  cod- 
fish maintain  their  average  numbers  alike  (until 
man  intervenes  and  kills  off  the  elephant  for  its 
ivory,  and  the  codfish  for  food). 

Given  a sufficient  food  supply  and  there  is  no 
animal,  not  even  the  slowest  breeding,  that  would 
not  in  a few  centuries  so  people  the  whole  solid 
earth  that  there  would  not  be  standing  room  for 
its  descendants.  The  codfish  could  pack  the  ocean 
with  its  progeny,  as  close  as  sardines  in  a box  in 
a few  years,  if  all  the  eggs  hatched  and  all  the 
young  survived.  The  few  horses  and  cattle  intro- 
duced by  the  Spaniards  into  South  America  soon 
multiplied  into  millions.  But  the  food  supply  fixes 
the  inexorable  limit  to  increase  all  over  the  world. 
No  matter  What  the  fecundity  of  the  species,  the 
more  there  are  born  the  more  there  must  die. 


THE  STRUGGLE  FOR  EXISTENCE. 


“ But  which  is  it  that  must  die  ? ” 

This  limitation  of  the  food  supply  produces  what 
has  been  called  the  “struggle  for  existence.”  This 
does  not  mean  that  the  competing  animals  actually 
fight  for  their  food.  That  only  happens  in  rare 
particular  cases.  The  struggle  is  quite  unconscious, 
but  none  the  less  severe,  and  it  does  not  at  all 
follow  that  the  strongest  shall  win. 

If  the  insufficient  food  supply  were  shot  daily 
into  a pig-trough  and  the  animals  were  left  to  fight 
for  it,  then  no  doubt  it  would  be  the  strongest 
only  that  would  get  their  fill,  and  the  weak,  driven 
away,  would  die  of  starvation.  But  Nature  does 
not  shoot  the  day’s  supply  into  a trough  and  leave 
it  to  be  fought  for.  She  scatters  it  in  various  forms 
over  wide  areas ; and  the  survivors,  if  Carnivora, 
may  be  the  strongest  that  can  best  overcome  their 
prey,  or  the  swiftest  who  can  best  overtake  it,  or 
the  keenest  sighted  or  scented  who  can  best  dis- 
cover it,  and  so  on.  Or,  if  Herbivora,  they  may  be 
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those,  as  in  a rank  jungle,  who  can  thrive  on  the 
coarsest  herbage ; or  those,  as  in  a desert,  who  can 
go  longest  without  food  or  water ; or  those,  as  on 
short  pasture,  that  being  smallest  can  easiest  fill 
themselves,  and  so  on. 

But  though  it  is  the  limitation  of  food  supply 
that  imperatively  requires  that  the  many  must  die 
in  order  that  the  few  may  live,  it  is  not  necessarily 
the  actual  scarcity  of  food  (i.e.,  starvation)  that  of 
itself  cuts  down  the  number.  Other  forces  come 
into  play.  The  food  supply  fixes  the  maximum 
number,  but  the  number  rarely  reaches  the 
maximum. 

There  are  foes  to  be  resisted  or  escaped  from  ; 
accidents  to  be  avoided,  vicissitudes  of  climate  to 
be  endured,  trials  of  many  kinds  to  be  gone 
through.  What  each  individual  has  to  do  is  to 
secure  enough  food,  avoid  violent  death,  and  if  the 
species  is  to  be  perpetuated,  find  a mate — somehow. 
And  those  that,  no  matter  by  what  means  or  by 
virtue  of  what  kind  of  advantage,  manage  to  do 
these  three  things  thereby  prove  themselves  the 
most  “ fit,”  and  consequently  survive  and  leave 
offspring;  the  rest  die  out. 

These  trials,  which  all  have  to  undergo,  represent 
the  struggle  for  existence,  and  it  is  a quite  un- 
conscious struggle.  Each  simply  gets  all  it  can, 
where  it  can,  how  it  can,  without  thinking  of  any 
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competitors,  or  being  in  the  least  aware  of  the 
struggle  it  is  engaged  in.  Sometimes  the  indi- 
viduals and  species  engaged  in  it  are  grazing 
amicably  side  by  side ; sometimes  they  never  meet. 

Suppose  a herd  of  cattle  and  a flock  of  sheep 
come  together  on  a pasture  in  their  wild  state, 
they  will  graze  together  quietly  without  interfering 
with  each  other,  like  the  various  kinds  of  antelopes 
and  zebras  on  the  African  veldt,  until  their 
numbers  begin  to  trench  on  the  diminishing  pasture. 
Then,  when  the  time  of  year  of  greatest  scarcity 
and  severity  comes  round,  the  sheep  being  able 
to  bite  closer,  and  having  smaller  stomachs  to  fill, 
will  satisfy  themselves  in  an  hour  or  two  and  then 
lie  down  to  rest,  while  the  cattle  will  have  to  go 
on  grazing  all.  day  and  have  no  time  to  rest,  and 
yet  not  have  enough  after  all,  and  when  things  are 
at  their  worst  many  of  them,  the  weakest,  will  die. 
So  each  year  this  process  will  be  repeated,  the 
cattle  steadily  diminishing,  and  the  sheep  increas- 
ing  in  number  till,  all  the  cattle  having  disappeared, 
the  pasture  carries  just  so  many  more  sheep.  The 

sheep  will  then  have  proved  themselves  the  most 
“ fit.” 

If  now  the  rabbit  makes  its  appearance  it  will 
in  exactly  the  same  way  supersede  the  sheep.  In 
Australia,  but  for  the  ceaseless  war  waged  against 
It  by  man  with  gun,  trap,  and  poison,  the  rabbit 
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would  overrun  the  whole  continent,  and  the  millions 
of  sheep  that  now  graze  its  pastures  would  dis- 
appear. 

One  way  or  another  the  greater  number  of 
animals  born  must  die  in  order  that  there  may  be 
food  enough  left  for  the  survivors.  Not  necessarily 
so  many  members  of  each  species,  but  so  many 
food  consumers  of  some  sort.  The  chief  struggle 
will  be  between  the  individuals  of  the  same  species, 
but  there  will  also  be,  as  just  shown,  a struggle 
between  certain  different  species. 

To  a certain  extent  the  necessary  deaths  will  be 
determined  by  pure  chance ; that  is,  the  strongest 
may  be  overpowered  by  a foe  still  stronger,  the 
swiftest  may  be  crippled  or  pounced  upon  unawares, 
the  healthiest  may  catch  some  infectious  disease. 
Accidents  will  happen.  But  on  the  whole  the  great 
question  of  life  and  death  will  be  determined  by 
the  survival  of  the  fiti&si,  that  is,  of  those  that  on 
the  whole  are  best  adapted  to  their  environment 
or  surroundings ; best  fitted  to  secure  enough  food, 
to  stand  the  climate,  to  resist  or  escape  from 
enemies,  to  hold  their  own  in  short,  in  one  way  or 
other,  no  matter  what. 

No  favourable  variation  in  any  direction  will 
benefit  an  animal  if  it  falls  short  in  other  respects 
of  the  'standard  of  fitness  established  in  its  species 
by  long  ages  of  struggle  for  existence  and  survival 
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of  the  fittest,  especially  if  it  falls  short  in  one  of  the 
most  essential  requisites.  No  special  variation,  for 
instance,  in  the  direction  of  greater  speed,  a warmer 
coat,  or  a better  digestion,  will  compensate  for  de- 
fective muscular  strength  in  an  animal  that,  like  the 
lion,  lives  by  overpowering  strong  but  rather  less 
strong  animals ; nor  would  any  side  variation  for 
good  benefit  an  animal  that  owes  its  safety  to  speed 
if  that  special  advantage  be  accompanied  by  dimin- 
ished speed,  nor  compensate  one  that  owes  its 
safety  to  concealment  if  it  be  accompanied  by  a 
conspicuous  colour.  A squirrel  might  be  stronger, 
swifter,  healthier,  better  as  a squirrel  in  every  way 
to  all  appearance  than  other  squirrels,  yet  if  it 
failed  in  that  provision  for  the  winter  on  which  its 
life  depends,  and  by  some  defect  of  instinct 
neglected  to  lay  by  a supply  of  nuts  in  autumn,  it 
would  be  one  of  the  doomed.  The  fitness  required 
is  an  “ all-round  ” fitness,  and  all  that  fall  short  of 
the  standard  of  all-round  ” fitness  required,  no 
matter  in  which  particular,  will  in  this  way  be 
eliminated.  And  this  process  of  elimination  is 
called  Natural  Selection  ; that  is.  Nature,  personified 
as  a sort  of  Goddess,  is  supposed  to  be  ever  on  the 
watch  upon  variation,  seleciing  and  perpetuating 
every  variation  in  the  right  direction,  and  stamping 
out  every  variation  in  the  wrong ; and  though  every- 
one knows  this  to  be  a mere  fancy  and  figure  of 
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speech,  it  seems  to  put  the  matter  more  vividly 
before  us  and  so  helps  us  to  realise  it  better. 

So  ceaseless  is  the  operation  of  this  remorseless 
law,  and  so  evenly  matched  have  the  competitors 
become  through  the  age-long  continued  action  of 
natural  selection,  that  every  variation,  however 
slight,  for  or  against  the  animal’s  welfare  tells.  As 
in  a race  between  evenly-matched  runners  for  a 
good  distance,  the  mere  difference  of  an  ounce 
less  to  carry  or  a fraction  more  lung  space  giving 
better  wind  will  tell  in  favour,  while  a rather  tight 
shoe  or  a false  step  will  tell  against — and  as  in 
whist,  though  the  good  players  will  sometimes 
get  bad  cards  and  the  bad  players  good  cards,  and 
so  luck  outweigh  skill,  in  that  deal,  still  skill  will 
tell  in  the  long  run,  and  by  the  end  of  the  year  it 
is  certain  that  the  best  players  will  have  won ; so 
in  the  struggle  for  existence  the  chances  cancel 
each  other,  and  natural  advantage  or  superior 
“ Fitness  ” gives  the  victory  in  the  end.  And  the 
fitness  that  has  given  the  victory  has  always  arisen 
from  accidental  variations  in  the  first  instance, 
seized  upon  by  natural  selection  and  transmitted 
by  heredity. 


ISOLATION. 


To  start  a new  variety  (which  is  the  first  step 
towards  a new  species)  it  has  been  supposed  that 
four  conditions  are  essential : (i)  that  some  con- 
siderable number  of  individuals  be  born  with  a 
favourable  variation  ; (2)  that  this  favourable  varia- 
tion be  not  offset  and  counteracted  by  some  defect 
in  any  one  of  the  innumerable  requisites  that  go 
to  make  up  the  standard  type  of  fitness ; (3)  that 
the  possessors  of  this  favourable  variation  mate 
with  those  of  the  opposite  sex  showing  the  same 
variation ; also  not  counteracted  by  any  serious 
defect ; and  (4)  that  granting  all  these  very  unlikely 
conditions,  the  offspring  of  such  pairs  be  strictly 
isolated,  or,  after  all,  the  variation  will  be  over- 
borne and  lost  by  intercrossing,  and  the  promise 
of  a new  departure  come  to  nothing. 

In  support  of  this  view  it  is  pointed  out  how 
easily  and  rapidly  man  can  produce  new  varieties 
of  all  sorts  amongst  his  domesticated  animals  so 
long  as  he  isolates  what  he  selects ; but  that  with- 
out strict  isolation  he  can  produce  no  new  variety 
at  all. 
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Under  the  highly  artificial  conditions  of  domesti- 
cation this  is  no  doubt  true ; because  the  types  that 
man  selects  for  his  sporting  dogs,  for  his  fancy 
pigeons,  for  his  purposes  of  meat,  milk,  or  work, 
and  so  on,  are  types  that  nature  would  absolutely 
reject  as  unfit  (as  we  shall  see  further  on),  and  they 
all  have  a constant  tendency  to  “ revert,”  which 
man  can  only  overcome  by  constant  attention,  care- 
ful selection,  and  strict  isolation.  In  a state  of 
nature  this  selected  pairing  and  strict  isolation  can 
never  be  secured.  How  then,  in  a state  of  nature, 
do  new  varieties  originate  and  establish  them- 
selves ? 

The  answer  is,  that  in  a state  of  nature  neither 
selected  pairing  nor  isolation  have  much  to  do 
with  the  matter,  because  the  differentiation  that 
leads  to  new  varieties  is  generally  imposed  from 
without  rather  than  spontaneously  originated  from 
within,  and  acts  simultaneously  over  the  whole 
species ; at  any  rate,  over  all  in  a given  locality. 

In  a state  of  nature  mates  do  not  select  each 
other  for  scientific  “ fitness.”  The  male  is  generally 
not  particular,  and  though  the  female  sometimes 
shows  preference,  it  is  always  either  for  the  strongest 
or  the  handsomest — ^no  other  form  of  “ fitness 
counts ; and  as  for  isolation,  which  in  such  a case 
would  mean  “ in  and  in  ” breeding,  the  tendency 
is  all  the  other  way. 
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Variation  from  the  established  type  when  it 
occurs,  is  probably  always  produced  by  some  change 
in  the  environment  of  the  species  which,  acting 
on  the  whole  species  collectively  and  simul- 
taneously over  the  whole  area  where  the  change 
of  environment  occurs,  puts  a steady,  ceaseless 
pressure  upon  each  and  all  to  adapt  themselves  to 
the  changing  conditions ; everyone  that  varies 
favourably  as  regards  the  changing  conditions,  be 
it  ever  so  little,  has  just  so  much  the  better  chance 
in  the  struggle  for  existence,  and  everyone  that 
varies  in  a contrary  direction,  or  even  that  fails  to 
vary  at  all,  has  just  so  much  the  worse  chance ; so 
that,  on  the  whole,  those  that  vary  correctly  survive  ; 
those  that  fail  to  do  so  die  out. 

These  changes  of  environment  are  brought  about 
chiefly  by  what  are  called  secular  changes  of  the 
earth ; that  is,  inevitable  changes  brought  about 
in  the  slow  course  .of  ages. 

The  earth,  ever  slowly  cooling,  contracts,  wrinkles 
its  strata  into  folds,  pushing  the  hills  up  a little 
higher,  deepening  the  sea  bottom,  so  that  some 
land  is  always  being  slowly  lifted  out  of  the  sea, 
while  dry  land  elsewhere  is  slowly  subsiding  till 
the  sea  flows  over  it.  We  have  in  the  fossil  sea- 
shells  found  in  the  rocks  evidence  that  the  tops 
of  the  mountains  were  once  the  bottom  of  the  sea, 
and  even  within  historic  times  cities  that  were  once 
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seaports  are  now  miles  inland ; and  places  where 
people  dwelt  are  now  beneath  the  sea  with,  in 
some  cases,  the  remains  of  buildings  visible  under 
water.  All  this  results  in  changes  of  elevation,  of 
temperature,  of  rainfall,  of  climate;  and  these  . 
changes  affect  all  the  species  inhabiting  the  regions 
where  they  occur,  both  directly  by  acting  on  their 
constitutions  and  indirectly  by  changing  the  whole 
character  of  the  vegetation,  of  the  food  supply,  and 
of  the  means  of  procuring  it.  The  slow  rise  of  a 
range  of  mountains  by  intercepting  the  rain-bearing 
winds  will  cause  a heavy  rainfall  on  the  weather 
side,  and  turn  the  other  side  into  a dry  and  thirsty 
land.  Thick  forests  will  spring  up  on  the  rainy  side, 
the  woods  will  disappear  on  the  other,  and  grassy 
upland  or  bare  desert  take  their  place.  Then 
the  ceaseless  action  of  the  weather,  independent 
of  the  rising  here  and  sinking  there  of  the  land, 
is  continually  altering  the  face  of  the  earth.  Frost 
splits  up  the  mountain  tops,  rain  washes  down  the 
soil,  glaciers  grind  their  way  here,  rivers  cut  their 
course  there,  spreading  out  an  alluvial  deposit  in 
the  lowlands,  depositing  deltas  at  their  mouths 
and  shoals  in  the  sea.  Then  the  waves  of  the  sea 
eat  away  the  land  in  one  part,  the  winds  carry  the 
sands  of  the  desert  hundreds  of  miles  in  another 
part ; whole  tracts  of  land — ^hundreds,  even  thou- 
sands of  feet  thick  and  hundreds  of  miles  across — 
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are  gradually  worn  away  by  denudation,  so  that 
in  many  places  it  is  the  valleys  that  have  been 
scooped  out  not  the  hills  that  have  been  hoisted 
up,  the  hills  in  such  cases  being  always  capped  with 
•hard  rock  that  has  resisted  the  action  of  the  water 
and  left  them  standing.  It  would  take  too  long  and 
lead  us  too  far  away  from  our  subject  to  attempt 
to  give  any  idea  of  the  vastness,  the  variety,  and 
the  universality  of  these  secular  changes  that  are 
ceaselessly  going  on. 


LIMITATION  OF  RANGE. 


Since  every  species  exists  and  holds  its  own  solely 
by  virtue  of  its  fitness  to  its  surroundings,  it  is 
clear  that  its  range  is  limited  by  the  nature  of  its 
surroundings.  Precisely  because  it  is  so  specially 
well  fitted  for  one  set  of  conditions  it  is  the  less 
fitted  for  another  set,  so  that  if  it  strayed  into  a 
region  where  the  conditions  were  appreciably 
different  it  could  hope  to  exist  there  only  if  that 
region  were  empty,  that  is,  not  occupied  already 
by  some  species  of  the  same  general  needs  but 
specially  fitted  for  those  different  conditions,  and 
therefore  better  adapted  to  hold  its  own  than  the 
new-comers.  If  the  region  were  empty  *(in  this 
sense),  then  indeed  those  that  had  wandered  out 
of  their  own  proper  habitat  might  have  time  and 
opportunity  to  adapt  themselves  gradually  to  the 
new  conditions.  But  it  ^rarely  happens  that  any 
place  is  thus  empty.  The  creature  that  is  adapted 
to  the  woods  will  be  limited  in  its  range  by  the 
open  country,  for  that  is  almost  certain  to  be 
occupied  by  some  species  specially  adapted  to  the 
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open  country,  so  the  dweller  in  the  dry  uplands 
is  limited  by  the  marshy  lowlands,  and  the  dweller 
in  the  fruitful  plain  by  the  desert.  But  the  worst 
desert  is  rarely  absolutely  desert,  absolutely  with- 
out organic  life.  Not  only  are  there  oases  scattered  . 
through  them  all,  but  coarse  shrubs  and  tufts  of 
herbage  are  found  here  and  there  in  the  worst  of 
them,  and  there  are  animals  specially  adapted  to 
live  on  such  herbage  in  such  desert  country.  These 
species  are  bounded  by  the  fruitful  country,  not 
because  they  could  not  live  and  thrive  well  in  the 
fertile  country,  but  because  that  fertile  country  is 
already  occupied  by  species  even  better  fitted  to^ 
live  in  such  favourable  country  though  not  fitted 
like  them  to  live  in  the  deserts.  A change  from 
one  set  of  surroundings  to  another  not  only  implies- 
a change  of  temperature,  moisture,  elevation,  and 
such  other  conditions  as  tell  directly  upon  the 
animals’  constitutions,  but  also  in  the  nature  of  the 
food  procurable,  in  the  abundance  of  the  particular 
kind  of  food  the  species  is  accustomed  to,  and  chief 
of  all,  perhaps,  in  the  means  of  procuring  it ; alsO’ 
in  the  nature  of  the  foes  that  prey  upon  them 
and  the  general  risks  they  have  to  encounter. 


BARRIERS. 


But  besides  these  checks  to  dispersal  there  are 
also  actual  barriers ; mountains  too  high,  deserts 
too  absolute  and  extensive,  rivers  too  deep  and 
broad  to  be  crossed,  and  the  ocean  itself. 

One  of  the  most  striking  examples  of  limitation 
of  range  and  differentiation  of  species  that  are 
almost  within  sight  of  each  other,  caused  by  a 
narrow  but  impassable  barrier,  is  the  strait  be- 
tween the  Islands  of  Bali  and  Lombok,  east  of 
Java. 

These  two  islands  are  so  exactly  alike  in  latitude, 
size,  and  general  characteristics,  that  precisely 
the  same  species,  both  of  plants  and  animals, 
•could  exist  on  both.  Yet  not  only  the  species  but 
the  very  types  of  animal  life  are  quite  different; 
for  one  is  the  southern  extension  of  the  Asiatic 
•and  the  other  the  north-western  extension  of 
the  Australian  continent ; the  land  that  once  con- 
nected Bali  with  Asia  and  Lombok  with  Australia 
havins"  sunk  under  water,  while  the  Strait 
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of  Bali  has  apparently  been  where  it  is  from  all 
time,  so  to  speak.  The  consequence  of  this  is  that 
the  whole  type  of  the  one  is  Asiatic ; the  type  of 
the  other  is  Australian.  Each  type  could  no  doubt 
thrive  equally  well  in  the  other  island,  being  equally 
adapted  to  the  same  conditions;  but  they  have 
been  derived  from  different  ancestors  by  a different 
line  of  descent,  so  that  the  results,  though  equally 
good  in  their  way,  are  very  different  in  their  general 
character,  although  some  intermixture  of  types  has 
taken  place. 

Such  natural  barriers,  however,  are  sometimes 
overcome.  Birds  and  flying  insects  are  often  blown 
out  to  sea  by  storms  and  across  to  distant  shores ; 
whilst  other  species,  chiefly  reptiles  and  insects, 
especially  the  latter,  are  swept  out  to  sea  by  floods, 
clinging  to  floating  logs,  and  are  carried  across 
straits  and  sometimes  over  wide  expanses  of 
sea. 

Oceanic  islands  that  have  been  upheaved  by 
volcanic  action  owe  what  animal  life  they  may 
contain  entirely  to  such  chance  arrivals  (except  in 
regard  to  turtles,  which  of  course  come  out  of  the 
sea  and  perhaps  in  time  become  land  tortoises,  as 
in  the  Galapagos  Islands) ; for  which  reason  such 
islands  rarely  show  any  kind  of  animal  life  except 
birds  and  insects,  with  possibly  an  occasional 
reptile. 
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But  islands  that  have  become  separated  from 
continents  by  submergence  of  the  intervening  parts 
usually  possess  species  showing  a general  resem- 
blance to  the  species  on  the  continent,  but  of  a 
more  ancient  and  a lower  type.  The  reason  of 
which  is  that  both  are  descendants  of  the  species 
that  inhabited  the  whole  continent  before  part  of 
it  became  submerged ; but  those  on  the  mainland 
have  been  subjected  to  a fiercer  competition  in  the 
struggle  for  existence  because  of  invasions  by  other 
species  from  surrounding  regions,  and  so  have  been 
developed  into  higher  types ; while  those  on  the 
cut-off  portion,  not  having  been  subjected  to  such 
competition,  have  remained  much  as  they  were  at 
the  time  of  separation,  making  very  little  advance ; 
possibly  even  retrograding,  as  in  the  case  of  the 
Dodo  of  Mauritius,  now  extinct.  The  Dodo  was  a 
bird  of  the  pigeon  tribe  but  very  much  larger.  It 
' was  probably  descended  from  some  pigeons  that 
had  been  blown  across  from  Africa  or  elsewhere, 
and  finding  itself  in  a land  where  food  was 
abundant  and  easily  obtained,  and  where  there 
were  no  natural  enemies  to  fear,  it  had  grown  to 
great  size,  but  had  lost  its  power  of  flight  and 
become  a defenceless  creature,  so  that  man  on  his 
arrival  soon  exterminated  it  Indeed,  in  a small 
island  wings  are  apt  to  become  worse  than  useless, 
^exposing  their  possessor  to  the  risk  of  being  blown 
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out  to  sea.  I lately  read  an  account  of  the  complete 
disappearance  in  aJbout  half  an  hour  of  a particular 
species  of  bird,  previously  pretty  common,  in  one 
of  the  West  Indian  Islands,  after  a hurricane. 

But  while  we  find  sometimes  two  different  types 
living  'under  the  same  conditions  and  separated 
only  by  a narrow  barrier,  we  also  sometimes  find 
the  same  species  living  in  somewhat  different  con- 
ditions, separated  by  barriers,  hundreds,  even  thou- 
sands of  miles  across.  Now  it  is  absolutely  im- 
possible that  the  same  species  should  come  to  be 
developed  along  independent  lines  of  development 
in  two  quite  different  places.  So  the  question 
arises  how  came  this  same  species  to  exist  in  two 
different  places? 

To  give  two  examples.  The  tapir,  a very  peculiar 
animal,  is  found  in  two  parts  of  the  world  only. 
South  America  and  the  Malayan  peninsula  and 
islands ; and  for  once,  to  give  a Botanical  example, 
the  same  Alpine  plants  are  found  on  the  mountains 
of  Central  Europe  and  of  Scotland  and  the  shores 
of  Spitzbergen,  without  the  least  trace  of  any  con- 
necting link  between  them.  There  are  some  slight 
differences  between  the  American  and  the  Asiatic 
tapir,  and  perhaps  between  the  Alpme  plants  in 
the  places  mentioned;  but  the  difference  is  no 
greater  than  would  naturally  arise  whenever  the 
same  species  happens  to  be  divided  and  placed 
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under  different  conditions  for  a long  time.  To  all 
intents  and  purposes  both  tapirs  are  distinctly  tapirs, 
and  the  different  Alpine  plants  referred  to  the 
same  species.  How  did  these  animals  and  plants 
manage  to  cross  the  vast  intervening  space? 

The  answer  is,  that  they  never  did  cross  it,  in  the 
sense  intended.  To  take  the  Alpine  plant  first 
All  three  samples  are  relics  of  the  Ice  Age,  when 
the  Northern  Hemisphere  as  far  south  as  Central 
Europe  was  covered  with  a sheet  of  ice.  All  along 
the  edge  of  this  ice  sheet  the  same  Alpine  plants 
grew  and  spread.  As  the  Ice  Age  slowly  passed 
away,  and  under  returning  warmth  the  ice  sheets 
retreated  further  north  along  the  levels,  and  higher 
up  among  the  mountains  the  Alpine  plants 
followed  the  retreating  ice  edge,  and  so  gradually 
disappeared  from  Europe,  except  as  to  such 
remnants  as  remained  stranded  on  the  different 
mountain  tops. 

The  explanation  in  the  case  of  the  tapir  is  the 
same  in  substance  but  different  in  detail  The 
tapir  represents  a type  that  was  common  all  over 
the  world  in  the  far  back  ages.  Fossil  remains  of 
it  are  found  in  many  places.  Its  disappearance, 
however,  was  not  connected  with  the  coming  or  go- 
ing of  an  Ice  age,  but  was  merely  due  to  the  appear- 
ance of  new  species  of  a higher  type,  better  fitted 
for  their  environment  than  the  tapir  ; and  these  new 
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species  as  they  spread  simply  crowded  out  the  tapir 
all  over  the  world,  till  its  last  lingering"  representa- 
tives are  found  only  in  Brazil,  where  the  dense, 
sunless,  almost  foodless  forests  kept  out  the  new, 
superior  species,  and  at  the  extreme  southern  parts 
of  Asia,  whose  damp,  marshy  forests  are  equally 
well  adapted  to  them. 

A factor  in  the  environment  of  every  species  con- 
sists of  the  other  species  that  inhabit  the  same 
region,  and  this  factor  is  often  a very  influential 
one.  One  kind  of  ant,  for  instance,  makes  use  of 
other  kinds  of  ants,  invading  their  nests,  carrying 
off  the  young  in  their  pupa  state,  and  bringing  them 
up  as  slaves.  Another  kind  of  ant  makes  use  of 
certain  aphides  as  milch  cows,  only  what  they  make 
these  give  up  to  them  is  not  milk,  but  a sort  of 
honey  that  exudes  from  them;  and  the  taking  of 
this  honey  from  them  seems  to  be  a relief  to  the 
aphides,  so  that  both  parties  benefit  by  the  trans- 
action; and  the  ants  that  are  enslaved  seem  none 
the  less  happy  for  their  enslavement,  because  their 
inherited  instinct  is  to  work  and  to  find  their 
pleasure  in  their  work,  and  they  are  not  troubled 
with  sentiments  as  to  whom  they  are  working  for. 
So  that  the  fortunes  of  all  these  insects  are  influ- 
enced by  the  existence  near  them  of  the  other 
species. 

Again,  all  animals  are  subject  to  parasites,  and 
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a parasite  is  itself  an  animal ; so  each  is  influenced 
by  the  existence  of  the  other — one  for  evil,  the  other 
for  good.  The  appearance  of  a new  parasite  where 
it  was  not  known  before  will  sometimes  nearly 
exterminate  the  species  it  preys  upon,  as  the 
Queensland  tick  has  killed  off  the  cattle  by 
thousands.  There  are  again  the  relations  of  the 
shark  and  the  pilot-fish,  which  is  said  to  direct  the 
shark  to  its  prey,  and  no  doubt  benefits  by  the 
shark’s  leavings ; and  there  is  the  ibis,  that  picks 
parasites  out  of  the  crocodile’s  mouth,  the  crocodile 
remaining  patiently  still  with  open  mouth  while  the 
ibis  operates.  Thus  the  neighbourhood  of  one 
species  influences  another.  The  appearance  then 
of  a new  species  as  the  friend,  the  enemy  of  the 
unconscious  compc'titor  of  another,  often  greatly 
influences  the  fortunes  of  that  other. 

A,ny  new  'animal  (or  plant)  introduced  from 
Europe  into  Australia,  if  it  takes  at  all  kindly  to  its 
new  environment,  almost  always  crowds  out  and 
supersedes  the  indigenous  animals  (or  plants)  most 
closely  allied  to  it  in  habits.  Thus  the  kangaroo 
rat  disappears  before  the  rabbit,  the  ground  parra- 
keet  and  other  native  birds  disappear  before  the 
imported  sparrow ; not  necessarily  that  the  new- 
comer actually  attacks  the  old  residents,  but  simply 
because  it  is  on  the  whole  the  more  “ht”  of  the 
two  for  the  situation;  while  as  to  plants,  in 
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Tasmania  the  blackberry  in  the  moist  climate  and 
rich  volcanic  soil  of  the  North-west,  the  gorse  in 
the  elevated  Midlands,  and  the  sweet-brier  in  the 
dry  South-east,  take  complete  possession  of  the 
country,  and  one  of  the  settlers’  chief  difficulties 
is  to  keep  them  down.  The  reason  of  this  appears 
to  be  that  Australia  having  been  completely  cut  off 
from  the  rest  of  the  world  from  very  early  ages, 
and  being  remarkably  uniform  and  monotonous  in 
its  features,  has  afforded  much  less  scope  and  in- 
centive to  the  process  of  evolution  than  Europe, 
Asia,  or  Africa.  The  very  varying  features  of 
these  other  continents  have  given  rise  to  a much 
greater  variety  of  species,  and  the  facilities  for 
migration  have  brought  these  varying  species  into 
closer  and  more  frequent  contact,  so  that  the 
species  in  those  three  continents  have  been  sub- 
jected to  a more  severe  competition  with  a greater 
number  of  other  species,  and  so  have  been  brought 
to  a much  higher  pitch  of  adaptation  and  specialisa- 
tion. They  are  higher  forms  in  short,  and  the 
lower  have  no  chance  against  them. 

The  Australian  fauna  (that  is  animal  life)  repre- 
sents a type— the  marsupiail  in  the  beasts,  that  was 
once  common  all  the  world  over,  but  has  long  since 
been  overcome  and  superseded  by  higher  forms 
everywhere  except  in  Australia,  and  has  so  com- 
pletely disappeared  that,  except  in  the  case  of  the 
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American  opossum,  only  the  fossils  in  the  rocks 
remain  to  show  that  it  once  existed. 

Not  only  secular  but  even  sudden  and  very  local 
changes  of  environment,  when  not  so  great  as  to 
exterminate  s species,  will  often  cause  a wonderful 
change  in  their  habits,  and  that  in  so  short  a time 
as  to  make  it  easy  to  understand  the  much  greater 
changes  that  take  place  in  longer  periods,  and  the 
consequent  appearance  of  new  species.  Thus  the 
change  of  environment  to  the  hare  and  rabbit  by 
their  introduction  to  Australia  has  produced  marked 
changes  in  their  habits  already.  The  hare,  which 
has  only  one  or  two  young  at  a birth  in  Kurope, 
has  four  and  even  six  in  Australia ; and  the  rabbits 
in  Northern  Australia  have  taken  to  swimming 
rivers  and  climbing  trees.  We  can  guess  pretty 
well  how  these  last  two  new  accomplishments  of 
the  rabbit  have  arisen.  Australia  is  a region  where 
long  droughts,  of  years  in  duration,  alternate  with 
great  floods,  so  that  a river  in  Australia  is  not  the 
permanent  institution  that  it  is  in  most  countries, 
where,  though  it  may  be  high  at  one  season  and 
low  at  another,  it  is  still  always  a river.  In  Australia 
it  is  for  many  months  a dry  water-course  with 
occasional  water-holes,  and  the  rabbits  have  become 
accustomed  to  crossing  it.  Then  when  the  rains 
have  filled  its  channel,  the  rabbits,  as  food  becomes 
scarce,  make  for  their  accustomed  crossing-places. 
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choosing'  no  doubt  the  easiest  points,  and  so  acquire 
the  habit  of  crossing  the  water,  though  by  nature 
they  are  averse  to  it,  and  always  keep  to  the  driest 
parts  of  'the  dry  land. 

Then  as  to  climbing  trees ; the  ground  in  most 
parts  under  that  fierce  sun  is  baked  too  hard  for  the 
rabbit  to  burrow,  so  it  takes  to  finding  shelter  in 
thick  bushes  or  hollow  logs ; but  thick  bushes  are 
rare  in  Australia,  so  that  the  rabbit  is  driven  almost 
exclusively  to  hollow  logs.  But  these  logs  do  not 
all  lie  prone  on  the  ground ; they  are,  many  of 
them,  tilted!  at  all  kinds  of  angles  across  each  other 
and  against  standing  trees,  so  that  the  rabbit  often 
has  to  climb  up  inside,  which  its  sharp  claws 
easily  enable  it  to  do ; from  climbing  up  inside  a 
dead  log  it  is  an  easy  step  to  climbing  up  inside 
a hollow  live  tree  -vyhich  happens  to  be  leaning 
over.  Such  trees  are  very  common  ; and  from  this 
beginning  running  up  the  outside  of  a leaning  tree 
would  soon  become  a habit. 

I have  known  even  a dog  run  a good  height  up 
a leaning  tree  after  a native  cat,  and  I do  not 
suppose  any  rabbit  attempts  to  climb  a perfectly 
straight  tree,  as  yet,  at  any  rate.  But  it  may,  in 
time,  for  in  Northern  Australia  and  New  Guinea 
there  is  even  a tree  kangaroo. 

The  Kea  parrot  of  New  Zealand,  too,  has  in  a 
very  short  time  undergone  a complete  change  of 
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habit.  From  a berry  and  insect-eating  bird  it 
has  become  carnivorous,  and  most  destructive  to 
the  flocks ; and  all  through  a change  in  its  environ- 
ment. Formerly  it  found  its  food  in  the  seeds 
and  berries  on  the  mountain  side  (it  is  a mountain 
parrot)  and  in  the  insects  amongst  the  dead  timber. 
The  settler  set  Are  to  the  scrub  to  clear  away  the 
rubbish  and  improve  the  feed,  and  the  flames  rush- 
ing up  the  mountain  side  consumed  the  dead  timber 
and  killed  the  berry-beaxing  shrubs,  leaving  the 
Kea  nothing  to  eat  The  starving  parrot  flew  down 
the  mountain  in  search  of  food,  and  came  (amongst 
other  places)  to  the  gallows  where  the  dead  sheep, 
killed  for  food,  hung  up.  Here  it  began  nibbling 
the  fat  and,  finding  it  good,  took  to  it. 

From  this,  however,  it  actually  took  to  killing  the 
sheep  for  their  fat  (it  only  eats  the  kidney  fat, 
leaving  the  rest  of  the  carcase  untouched).  For 
some  time  the  shepherds  could  not  imagine  what 
was  killing  the  sheep.  They  used  to  find  them 
in  the  morning  lying  dead,  each  with  a hole  gnawed 
in  its  back.  By  keeping  watch  they  discovered 
it  was  the  Kea  that  was  the  culprit.  This  horrible 
brute  lit  on  the  sheep’s  back,  plucked  out  the  wool, 
and  began  gnawing  down  through  the  living  flesh 
with  its  beak  (which  is  sharper  and  more  hooked 
than  most  parrots).  The  sheep,  frantic  with  pain, 
dashed  about,  but  could  not  get  rid  of  its  enemy. 
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which  returned  as  fast  as  it  was  shaken  off,  till  the 
wretched  sheep,  worn  out  by  exhaustion,  fell,  and 
the  parrot  had  its  way  and  then  left  the  poor 
victim  to  die  a lingering  death. 


REACTION  OF  ENVIRONMENT. 


But  while  every  species  of  animal  is  thus  indirectly 
the  product  of  its  environment,  it  often  in  its  turn 
reacts  upon  the  environment,  and  more  or  less 
changes  the  face  of  Nature  and  the  destinies  of 
other  species. 

Over  a large  part  of  Southern  England  the 
character  of  both  the  fauna  and  flora  (that  is,  the 
animal  and  vegetable  forms  of  life)  are  determined 
by  that  porous  white  limestone  called  the  chalk, 
and  the  chalk  is  composed  entirely  of  the  shelly 
remains  of  minute  organisms  that  once  inhabited 
the  deipths  of  the  sea.  Again,  the  northern  part 
of  the  Canadian  Dominion  is  low  and  tolerably 
level,  and  would  be  nearly  all  a region  of  pine 
forests  interspersed  With  running  streams ; but  the 
beaver,  by  damming  up  the  streams,  has  converted 
vast  areas  of  the  low-lying  dry  lands  into  swamp, 
killing  the  trees,  and  altering  the  whole  character 
of  the  animal  and  vegetable  life  around.  The  berry- 
beai^ing  bushes  and  the  formerly  existing  insects 
have  disappeared,  and  with  them  the  birds  and 
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other  animals  that  feed  on  those  berries  and 
insects.  So  'the  introduction  of  goats  into  St.  Helena 
caused  the  destruction  of  all  the  young  trees,  which 
the  goats  browsed  down,  and  this  affected  as  a 
necessary  consequence  all  the  animal  life  that  dwelt 
amongst  those  trees.  Even  the  climate  was 
changed.  And  the  cattle  introduced  into  the 
deserts  and  swamps  of  Australia,  which  were  at  first 
unfit  for  sheep,  have  so  altered  the  character  of  the 
country,  by  breaking  down  the  coarse,  spiny 
herbage  that  occupied  the  edge  of  the  deserts,  and 
by  eating  down  the  long  grass  that  protected  the 
soil  of  the  swamp  from  the  floods,  and  breaking 
holes  into  the  soil  so  that  the  water  got  a “ bite  ” 
into  it  and  cut  deep  channels  and  drained  it,  and 
by  their  heavy  trampling  consolidating  the  loose 
sandy  soil  at  the  edge  of  the  desert  and  the  soft 
soil  of  the  marsh,  have  made  both  places  fit  to 
carry  sheep. 

Species  and  environment  then  act  and  react 
upon  each  other,  but  the  environment  is  obviously 
the  stronger  force  of  the  two,  and  is  always  at 
bottom  the  determining  factor.  F or  the  species 
itself  is,  after  all,  only  the  product  of  environment, 
the  reaction  as  it  were  of  previous  environment. 


USE  AND  DISUSE. 


We  all  know  that  natural  faculties  and  powers  can 
be  improved  by  constant  practice,  and  that  the 
muscles  or  organs  concerned  will  be  enlarged  and 
strengthened.  An  arm  used  for  rowing  thickens 
and  hardens ; one  kept  for  a few  weeks  in  a sling 
comes  out  wasted  and  weak ; also  quickness, 
accuracy,  sensibility,  and  all  mental  as  well  as 
bodily  powers  are  strengthened  and  developed  by 
use,  weakened  by  negleot  and  disuse ; memory, 
observation,  reasoning,  as  well  as  keenness  of  sight, 
delicacy  of  touch  and  strength  of  arm,  leg,  or  wing, 
can  be  similarly  improved  or  deteriorated.  The 
two  complicated  and  wonderful  arts  of  reading 
and  piano-playing,  which  take  years  to  acquire 
thoroughly,  can  yet  be  acquired  so  thoroughly  as 
to  be  performed  automatically;  that  is,  one  well 
used  to  them  can  read  aloud  or  play  a tune  while 
he  is  thinking  of  something  else,  so  that  he  cannot 
afterwards  tell  what  he  was  reading  about  or  what 
tune  he  was  playing ; and,  though  we  cannot  prove 
it  as  yet,  there  can  be  little  doubt  but  that  those 
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parts  of  the  brain  which  are  concerned  in  these 
operations  have  been  enlarged  and  strengthened, 
just  as  the  muscles  of  the  arm  are  enlarged  and 
strengthened  by  rowing.  So  a blind  man  being 
forced  to  cultivate  his  sense  of  touch,  acquires 
astonishing  delicacy  and  discrimination  of  touch. 

Now  when  Darwin  first  startled  the  world  with 
his  famous  book,  “ The  Origin  of  Species,”  and  his 
ideas  began  to  find  acceptance,  it  was  supposed  that 
these  gains  by  use  and  losses  by  disuse  were  trans- 
mitted to  the  offspring. 

A blacksmith  who  remains  in  the  same  place  all 
day,  but  wields  a heavy  hammer,  acquires  a very 
muscular  arm,  but  his  legs  are  but  feebly  developed. 
On  the  other  hand,  a postman  who  walks  all  day, 
but  handles  nothing  heavier  than  the  letters  he 
delivers,  acquires  muscular  legs,  but  his  arms  are 
feebly  developed.  It  was  supposed  then,  that  if 
a blacksmith  married  a blacksmith’s  daughter,  and 
the  trade  were  handed  down  from  father  to  son — 
blacksmiths  always  intermarrying  with  blacksmiths’ 
families  we  should  have  before  long  a race  of  men 
with  greatly  developed  arms  and  feebly  developed 
legs;  and  the  same  with  postmen  in  the  opposite 
direction. 

Breeders  held  this  view  and  acted  upon  it  long 
before  Darwin  appeared;  for  the  doctrines  of 
Heredity  and  Variation  were  known  before  Darwin, 
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though  not  their  connection  with  Natural  Selec- 
tion ; and  it  was  believed  that  the  highly  develoj>ed 
habit  of  pointing  (for  instance)  in  the  Pointer  dog, 
was  due  not  only  to  the  inherited  tendency  to 
point  arising  from  an  accidental  variation  artificially 
selected,  isolated,  and  perpetuated  by  man,  but 
also  in  great  degree  to  the  constant  practice 
and  training  by  man  for  many  successive  genera- 
tions. But  many  of  our  leading  biologists  (people 
who  study  animal  life)  now  question  this  view,  and 
incline  to  the  belief  that  all  this  artificial  training 
affects  the  individual  dog  only,  and  is  not  trans- 
mitted to  the  offspring.  They  account  for  the 
highly  developed  pointing  habit  in  this  way.  Some 
sportsmen  noticed  a tendency  (accidental  variation) 
in  some  few  dogs  to  stop  and  stand  motionless  for 
a few  seconds  on  seeing  or  scenting  game  close 
by,  and  it  struck  them  that  this  tendency  might  be 
developed  and  turned  to  use.  So  they  picked  out 
those  dogs  of  both  sexes  that  showed  this  peculi- 
arity, paired  them,  and  kept  the  breed  carefully 
isolated. 

The  offspring,  inheriting  the  tendency  from  both 
parents^  would  sometimes  inherit  it  in  increased 
degree ; any  that  failed  to  inherit  were  promptly 
shot,  so  that  the  continuity  of  inheritance  should 
receive  no  check,  and  in  this  way,  putting  all  train- 
ing aside,  a race  of  pointers  would  be  produced. 
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In  support  of  this  view  is  the  fact  that  we  know 
we  can  produce  new  and  peculiar  breeds  showing 
marked  peculiarities,  with  which  training  and  use 
can  have  had  no  connection ; as  in  producing  breeds 
of  particular  colour,  marking,  or  shape,  as  well  as 
habits. 

Against  this  view  is  the  fact  that  the  character 
and  often  even  the  form,  colour,  and  markings  of 
the  offspring  are  influenced  by  the  surroundings 
and  acts  of  the  mother  during  the  period  of  gesta- 
tion. Children  have  been  born  timid  or  idiotic 
through  the  mother  having  been  greatly  terrified 
before  the  child  was  born ; there  were  many  such 
children  born,  it  is  said,  during  the  French  Revolu- 
tion. 

Breeders  say  that  if  you  want  a good  sheep-dog 
you  must  not  only  select  for  parents  dogs  that  are 
good  at  that  work,  but  you  must  keep  the  mother 
at  that  work  as  long  as  it  is  safe  before  the  puppies 
are  born.  A mother  has  written  in  a paper  that 
she  has  strong  artistic  tastes,  and  all  her  children 
have  inherited  them  except  one,  who  turned  out 
very  practical  and  business-like,  but  without  artistic 
tastes.  She  was  rather  puzzled  why  this  one  should 
be  so  different  from  the  rest,  till  she  remembered 
that  for  a year  or  so  before  that  child  was  born  the 
family  had  suffered  reverses,  and  she  had  been 
obliged  to  live  in  the  Bush,  with  all  her  attention 
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devoted  to  household  cares,  laying  her  artistic 
amusements  aside ; and  the  child  had  inherited  not 
her  original  bent  but  the  temporarily  imposed  bent 
(the  acquired  characteristic)  of  the  moment. 

Drunkermess  is  certainly  an  acquired  charac- 
teristic, and  the  children  of  drunken  parents  are 
so  liable  to  become  drunkards  that  dipsomania,  as 
it  is  called,  has  come  to  be  recognised  as  one  of 
the  most  hereditable  of  diseases. 

The  answer  of  the  new  school  to  this  is  that  the 
fact  is  correctly  stated  but  the  explanation  given 
is  wrong.  The  child  does  not  inherit  the  habit  of 
drunkenness  but  that  susceptibility  to  stimulants, 
and  weakness  of  will  to  resist,  which  led  to  the 
parents  becoming  drunkards.  No  child,  it  is  said, 
shows  any  craving  for  alcohol  or  desire  to  get 
drunk  that  has  never  had  alcohol  placed  within  its 
reach,  but  the  taste — in  extreme  cases  they  say 
even  the  smell — is  to  it  like  the  taste  of  blood  to 
a tiger ; the  longing  is  uncontrollable  when  once 
it  is  excited.  The  point  is  that  it  is  the  original 
susceptibility  to  stimulants  and  weakness  of  will 
that  is  inherited,  not  the  acquired  vice. 

So  the  authorities  are  divided  on  this  question. 
Our  greatest  philosopher  and  evolutionist,  Herbert 
Spencer,  with  others,  adhere  to  the  old  idea  that 
acquired  characteristics  are ' inheritable  ; while  an 
increasing  number  of  biologists  believe  they  are 
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not.  So  the  question  may  be  said  to  remain  un- 
decided. 

But  to  the  ordinary  lay  mind  it  seems  difficult 
to  believe  that  man’s  present  intellectual  power — 
all  that  distinguishes  the  cultured  European  from 
the  Australian  savage — is  due  solely  to  accidental 
variation  at  birth,  naturally  selected  and  per- 
petuated, and  that  all  our  learning  and  training  and 
personal  experience  have-had  no  direct  influence  on 
the  matter. 

But  whether  acquired  characteristics  are  inherited 
or  not,  the  undisputed  fact  remains  that  charac- 
teristics appearing  no  matter  how  in  the  offspring — 
at  birth — ^which  are  beneficial  to  the  species,  are 
“ naturally  selected  ” and  perpetuated,  while  charac- 
teristics which  are  useless,  or  which  have  become 
useless  though  useful  once,  begin  to  fade  away  and 
ultimately  disappear. 


« 

CORRELATION  OF  GROWTH. 

Since  every  part  of  the  body  is  built  up  and  re- 
newed by  the  blood  bringing  fresh  building 
materials  and  carrying  off  waste  products,  so  that 
(barring  external  accidents)  the  size,  shape,  colour, 
health,  structure  of  every  part  is  alike  dependent 
on  the  quality  of  the  blood  brought,  and  the  prompt- 
ness and  completeness  with  which  are  carried  away 
those  waste  products  that  would  otherwise  become 
poisonous,  and  since  the  same  blood  courses  through 
every  part,  it  follows  that,  all  change  being  depen- 
dent on  the  blood,  there  can  be  no  change  in  any 
one  part  without  some  change  in  some  other  part. 

Some  parts  are  more  liable  to  be  affected 
together  than  others. 

For  example,  there  is  a curious  quality  or 
doiublendss  in  our  constitution.  We  have  two 
arms,  two  legs,  two  eyes,  two  ears,  two  nostrils, 
two  lungs,  two  hemispheres  of  the  brain,  and 
other  duplications ; and  these  corresponding  parts 
are  so  governed  by  the  same  branching  nerves, 
that  whenever  any  internal  change  occurs  in 
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one  of  them,  the  other  is  very  likely  to  be 
affected  too.  So  long  as  the  change  is  caused 
from  within,  not  from  without,  both  often  suffer 
more  or  less  together.  If  (not  from  any  external 
accident)  we  lose  our  sight,  we  generally  lose  it 
m both  eyes,  though  not  perhaps  quite  equally; 
if  smell,  we  lose  it  in  both  nostrils ; if  hearing,  in 
both  ears ; and  the  closer  the  two  members  are  to 
each  other,  the  more  likely  they  are  to  be  affected 
together : the  eyes  particularly,  the  ears  less  so,  the 
arms  and  legs  very  little.  Even  when  one  eye  is 
injured  from  without,  the  other  becomes  endangered 
by  what  is  called  sympathy. 

Besides  this  sympathy  between  homologous  (or 
corresponding)  parts,  each  a duplicate  of  the  other, 
there  is  a similar  sympathy  between  all  parts  which 
are  mere  differentiations  of  the  same  tissue.  Thus 
hair,  fur,  and  wool,  the  man’s  nails,  the  beast’s 
claws,  the  bird  s talons,  the  two  horns  of  the  cow, 
and  the  one  very  different  horn  of  the  rhinoceros, 
are  all  mere  differentiations  of  hair-tissue;  and 
the  bones  and  the  teeth  mere  differentiations  of 
bony  tissue;  and  any  marked  differentiation  in 
one  development  is  very  likely  to  be  accompanied 
by  changes  in  the  development  of  other  parts  of 
the  same  tissue.  Thus  we  find  that  the  fine  hair 
of  the  well-bred  cow  is  always  accompanied  by 
fine  horns ; we  never  see  fine  hair  and  coarse  horns 
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together.  This  sympathy  between  different  de- 
velopments of  the  same  tissue  may  show  itself  in 
different  ways ; in  one  case  by  a pretty  equal  and 
similar  change  in  all  the  parts  of  the  same  tissue, 
as  with  the  cow’s  hair  and  horns ; in  others  by  an 
increase  in  one  part  at  the  expense  of  another,  as 
with  the  Cape  sheep,  in  which  the  extraordinary 
accumulation  of  fat  in  the  tail  is  counterbalanced 
by  an  absence  of  fat  anywhere  else,  all  the  fat 
going  to  the  tail ; and  in  the  rhinoceros,  where  the 
development  of  the  horn  is  accompanied  by  the 
absence  or  scarcity  of  hair  over  the  body. 

One  way  or  another,  any  change  in  one  part  of 
the  body  is  apt  to  be  accompanied  by  a change  in 
some  other  part.  In  this  way  certain  apparently 
useless  features  in  an  animal  may  be  accounted 
for;  that  is,  the  apparently  useless  feature  is  a 
mere  necessary  consequence  of  the  development 
of  some  useful  feature  in  a corresponding  member 
or  in  the  same  tissue  in  some  other  part  of  the 
body. 
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THE  TREND  OF  EVOLUTION  NOT 
ALWAYS  UP. 

The  trend  of  Evolution  is  generally  and  on  the 
whole,  distinctly  up,  not  down ; from  the  simple  to 
the  complex;  from  the  lower  to  the  higher 
organism;  from  the  creature  that  has  no  special 
members  or  senses,  but  is  a mere  mouth  and 
stomach  a sac  that  can  be  turned  inside  out 
without  apparent  inconvenience  to  the  creature,  to 
the  highly  specialised  vertebrate  with  special 
members  for  each  particular  act,  and  special  organs 
for  each  particular  sense ; with  feeling,  emotions, 
intelligence,  and  will ; the  culminating  point  of  the 
process,  so  far,  being  man  as  we  know  him. 

But  since  the  whole  process  of  Evolution  consists 
of  simple  selection  of  favourable  variations  and 
elimination  of  useless  parts,  it  sometimes  happens 
that  the  influence  of  the  environment  is  to  degrade 
not  elevate,  and  the  upward  progress  is  arrested 
and  turned  back;  the  creature  actually  begins  to 
drop  some  of  the  higher  organs  and  powers  it  had 
been  such  ages  in  acquiring  and  sinks  back,  not 
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perhaps  into  the  same  simple  organism  from  which 
it  originated,  but  into  some  form  much  simpler  and 
lower  than  the  one  it  had  risen  to.  The  oyster 
and  other  shell  fish  are  degraded  descendants  of 
higher  forms.  In  their  earliest  stage  (when  first 
hatched)  they  are  active  swimming  creatures,  but 
once  they  have  attached  themselves  to  a rock,  their 
locomotive  members,  being  no  longer  wanted,  have 
been  gradually  dropped,  and  they  become  the 
shapeless,  inert  creatures  that  we  know.  So  with 
most  parasites  that  live  inside  other  animals ; they, 
like  insects,  go  through  various  metamorphoses  (or 
changes),  in  which  the  earliest  forms  (the  forms 
they  first  assume  after  leaving  the  egg)  probably 
represent  the  ancestral  form  from  which  they  are 
descended,  and  in  most  cases  the  earlier  forms  are 
much  higher  than  tlie  final  ones.  For,  once  the 
creature  has  reached  its  last  stage  in  the  stomach, 
liver,  brain,  or  other  organ  of  some  larger  creature  ; 
then,  having  nothing  more  to  do  to  procure  a living 
than  to  suck  the  juices  of  its  hosts,  it  requires  even 
fewer  organs  and  members  than  the  oyster  (which 
has  to  secure  a living  from  the  passing  currents), 
and  it  sinks  accordingly  into  a still  lower  and  more 
degraded  form,  often  something  little  higher  that 
the  original  sac,  which  could  be  turned  inside  out 
without  inconvenience. 

There  are  other  well-known  examples  in  which 
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partial  retrogression,  occurs,  the  animal  having  just 
gone  back  one  step  or  so,  as  in  the  case  of  the  cave 
fish  of  Kentucky,  which  has  lost  its  eyes,  and  the 
condor  which  has  lost  its  scent ; wherever,  in  short, 
any  member  or  faculty  is  no  longer  wanted.  Nature, 
as  we  have  seen,  begins  to  get  rid  of  it  as  a useless 
encumbrance. 

Even  intelligence  is  thus  got  rid  of  when  and  in 
so  far  as  it  ceases  to  be  required.  The  gorilla,  for 
instance,  seems  to  have  sunk  in  this  respect  from 
a former  higher  level ; for  the  young  gorilla  is 
amiable,  affectionate,  and  intelligent,  with  a higher 
type  of  face,  but  as  it  grows  up  to  maturity  it 
becomes  more  brutal  in  every  way ; its  intelligence 
as  well  as  its  amiability  seeming  to  diminish.  This 
disappearance  of  intelligence  is  supposed  by  some  to 
be  due  to  the  fact  that  the  sutures  o-f  its  skull  close 
completely  before  the  animal  has  nearly  reached 
maturity,  so  that  the  brain  can  no  longer  increase 
in  size  proportionately  to  the  size  of  the  animal. 
The  same  thing  is  said  to  occur,  to  a less  degree, 
with  the  negro.  The  negro  child  seems  as  intelli- 
gent in  every  way  as  a white  child,  learns  as  quickly, 
and  seems  equal  in  every  way,  but  his  early  promise 
never  or  hardly  ever  is  fulfilled.  The  full-grown 
negro  (taking  the  race  as  a whole)  has  nothing 
like  the  intelligence  of  the  white  man;  and  this 
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has  been  attributed  to  the  fact  that  the  sutures  of 
his  skull,  too,  close  earlier  than  in  the  white  race. 

But  why  should  the  gorilla’s  sutures  close  so 
soon,  seeing  that  it  checks  his  growing  intelligence 
and  degrades  his  whole  nature?  Even  if  it  were 
a mere  case  of  arrested  development,  why  should 
it  be  arrested?  For,  seeing  that  the  past  history 
of  a species  shows  its  traces  chiefly  in  the  young, 
it  would  appear  that  the  superiority  of  the  young 
gorilla’s  mind  to  the  adult’s  indicates  that  it  is  a 
case  of  actual  retrogression,  and  what  should  make 
it  retrogress? 

I think  we  may  account  for  it  in  this  way. 

As  to  intelligence.  The  chief  factors  that  lead 
to  develop  intelligence  in  an  animal  appear  to  be 
these  two ; — (a)  The  number  and  variety  of  the 
natural  enemies  it  has  to  dread ; each  threatening 
it  in  a different  way,  and  from  each  of  which,  there- 
fore, it  must  adopt  some  different  method  of  escape. 
Suppose  an  animal  were  threatened  equally  by  the 
hawk,  the  dog,  and  the  cat.  From  the  hawk  up  in 
the  air  there  could  be  no  escape  by  speed  or  by 
wariness ; only  by  concealment ; the  quarry  must 
lie  close  under  some  cover.  From  the  dog,  pursuing 
by  scent,  there  could  be  no  escape  by  wariness  or 
by  concealment ; only  by  speed ; the  quarry  must 
■ run  for  it.  From  the  cat  lying  in  ambush  to  pounce 
suddenly  there  could  be  no  escape  either  by  speed  or 
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by  concealment ; only  by  wariness  ; the  quarry  must 
watch  carefully  where  it  goes.  The  more  complicated 
are  the  dangers  in  the  way,  the  more  intelligence 
the  animal  requires  to  keep  a look-out  for  all 
three  dangers,  to  adapt  itself  to  each  alternately, 
and  do  the  right  thing  at  the  right  time.  {U)  The 
variety  of  its  food  and  the  different  methods  it  must 
adopt  to  procure  it.  An  animal,  for  instance,  like 
the  bear,  that  lives  partly  on  berries  which  it  must 
pluck,  partly  on  honey  which  it  must  climb  to 
obtain,  partly  from  roots  it  must  dig  up,  and 
partly  from  prey  which  it  must  catch,  will  require 
to  have  much  more  intelligence  to  perform  all 
these  various  acts  at  the  right  time  and  in  the 
right  way  than  one  that  has  merely  to  crop  grass, 
gather  fruit,  or  catch  one  kind  of  prey  only. 

As  to  amiability  and  what  we  call  light-ihearted- 
ness.  The  chief  conditions  tending  to  develop  this 
seem  to  be  also  two.  {a)  A collective  life,  that  is, 
life  in  company  with  many  companions,  with  whom 
it  can  play,  amongst  whom  it  can  exchange  services, 
as  in  collecting  in  a body  for  mutual  defence  when 
danger  threatens,  in  mounting  sentry  (as  many 
species  do),  and  in  other  offices  tending  to  develop 
sympathy  between  one  and  another,  ip)  Sunshine 
and  bright  surroundings.  The  exhilarating  effect 
of  these  on  the  mind  is  observable  in  all  animals, 
and  especially  in  man,  as  well  as  the  depressing 
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effects  of  dark  gloomy  surroundings  and  continued 
rain  or  damp.  So  far,  as  I know,  all  playful  and 
sympathetic  animals  are  gregarious,  and  live  in 
bright  surroundings. 

All  these  four  conditions  fail  in  the  case  of  the 
gorilla.  Suppose  the  gorilla  to  have  been  once  of 
much  smaller  size,  less  powerful  and  gregarious,  to 
have  lived  in  a drier  and  brighter  region  than  that 
which  it  now  inhabits,  and  to  have  been  conse- 
quently (according  to  our  supposition)  both  more 
intelligent  and  more  sympathetic.  Later  on,  either 
by  migration  or  by  some  secular  change  of  climate 
in  its  original  dwelling-place,  it  became  condemned 
to  pass  its  life  in  a dense,  gloomy  forest  into  which 
the  sunshine  rarely  penetrated,  with  a heavy  rain- 
fall and  a supply  of  berries  and  other  food  just  so 
abundant  and  so  easily  procured  that  a given  area 
could  easily  maintain  a small  number,  but  yet  so 
scarce  that  these  numbers  must  be  rigorously  re- 
stricted. Under  these  conditions  it  grew  so  large 
and  powerful  that  no  wild  beast  dare  attack  it ; 
and  the  supply  of  food  being  insufficient  for  more 
than  the  family  (the  parents  and  one  or  two  young 
ones),  the  old  companionship  of  many  would 
cease;  the  animal  would  then  become  solitary, 
and  dwelling  amid  such  dark,  gloomy,  damp  sur- 
roundings, its  brightness  and  amiability  would 
vanish  At  the  same  time,  being  the  most  powerful 
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creature  in  the  forest,  it  would  have  no  foes  to  fear, 
and  its  food  being  easily  procurable  and  of  pretty 
much  one  kind,  the  necessity  for  intelligence  would 
greatly  diminish.  Brute  force  and  ferocity  to  defy 
the  leopard  and  other  wild  beasts,  and  to  drive  off 
other  gorillas  that  might  intrude  on  its  domain 
and  food  supply,  would  be  the  two  chief  qualities 
most  required,  and  Nature  would  as  usual  concen- 
trate her  efforts  in  this  direction,  and  would 
eliminate  with  her  usual  ruthlessness  the  no  longer 
needed  intelligence  and  no  longer  suitable 
amiability,  and  the  beast  would  retrograde  as  it 
has  done. 

So  much  for  the  Statement  of  General  Principles. 
We  have  next  to  take  certain  broad  classes  of  facts 
for  illustration  of  these  principles. 


PART  II. 


ILLUSTRATION. 

COLOUR. 

One  might  suppose  that  the  colour  and  markings 
of  an  animal  were  of  no  consequence  to  the  welfare 
of  the  animal,  but  the  mere  unimportant  and  acci- 
dental (or  undesigned)  result  of  the  chemical  , 
elements  of  which  its  skin  or  hair  were  composed. 

But  this  would  be  a great  mistake.  The  colour  is 
in  most  cases  of  great  consequence. 

It  is  noticeable  how  all  wild  animals  of  the  same 
species  (and  many  domesticated  ones  of  the  same 
breed)  acquire  uniform  colour  and  markings,  not- 
withstanding that  constant  tendency  to  variation  | 
that  acts  in  the  matter  of  colour  as  well  as  in  other  j 
matters,  there  being  enough  recurring  differences  of  j 
tint  and  markings  to  show  that  the  varying  j 

tendency  is  always  present,  but  is  restrained  by  , 

some  counteracting  influence.  ; 
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What  is  this  influence  that  keeps  the  colour  and 
markings  so  generally  uniform  in  spite  of  the 
tendency  to  vary? 

In  many  cases  we  cannot  say,  but  in  the  great 
majority  we  can.  We  can  see  plainly,  for  instance, 
why  what  are  called  “game”  animals — ^partridges, 
quail,  grouse,  hares,  rabbit^are  of  the  colour  that 
they  are ; viz.,  because  these  colours  best  assimilate 
to  their  surroundings,  and  so  help  to  conceal  the 
animal  from  its  natural  enemies.  The  quail  and 
partridge  are  so  coloured  that  they  seem  to  assimi- 
late equally  well  to  the  earth  of  the  ploughed  field 
and  the  stubble  of  the  unploughed;  the  grouse 
assimilates  to  the  heather,  the  hare  and  rabbit  to 
the  earth  and  the  dry  grass.  The  hare,  trusting  to 
this  concealment,  will  lie  close  on  its  form  till  you 
actually  walk  over  it.  All  these  animals  are  the 
prey  of  countless  enemies  ; the  hawk  and  owl  above, 
the  dog,  cat,  weasel,  and  others  below,  with  man 
the  chief  of  all.  None  of  them  are  gifted  with  any 
weapons  of  defence,  nor  are  fleet  enough  to  escape 
by  speed  alone ; all  trust  chiefly  to  concealment, 
and  concealment  is  achieved  by  assimilation  of 
colour  to  surroundings. 

This  explanation  applies  most  obviously  to  two 
kinds  of  animals  : those  which  are  the  habitual  prey 
of  other  animals  and  are  neither  strong  enough  to 
resist,  nor  fleet  enough  to  escape  by  flight;  and 
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to  those  of  the  carnivora  which  obtain  their  prey 
by  stealthy  approach  or  by  lying  in  wait  instead 
of  by  pursuit. 

Thus  in  Arctic  and  Subarctic  regions  the  hares, 
ptarmigan,  and  other  helpless  creatures,  are  white 
like  the  surrounding  snow,  from  which  they  can 
scarce  be  distinguished  so  long  as  they  remain  still ; 
and  the  bears  and  foxes  that  steal  upon  their  prey 
are  also  white,  otherwise  their  prey  would  notice 
their  approach  in  time  and  escape.  These  carnivora 
keep  their  eyes  fixed  upon  their  prey  as  they  creep 
up,  and  whenever  they  see  their  prey  looking  in  their 
direction  they  stop  and  remain  motionless  till  their 
prey  looks  away  again,  and  so  they  creep  up  till 
they  are  near  enough  to  make  the  fatal  spring. 

But  the  reindeer,  being  herbivorous,  does  not 
want  to  steal  upon  prey,  and  being  strong  and  swift, 
with  formidable  horns,  is  in  no  danger  from  any  foe 
but  the  wolves ; and  as  the  wolves  pursue  by  scent 
and  run  their  prey  down,  protective  colouring  would 
be  no  protection  against  them ; therefore  neither 
reindfeer  nor  evolves  have  become  white,  but 
probably  retain  the  colour  that  they  had  when  the 
species  came  into  Arctic  regions. 

The  seal,  however,  which  is  the  prey  of  the  polar 
bear,  and  is  neither  strong  enough  to  resist  nor  fleet 
enough  to  escape  him,  is  not  coloured  protective 
white.  Why  is  this?  Evidently  because  he  passes 
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his  time  far  more  in  the  water  than  on  the  ice,  and 
a white  seal  would  be  too  conspicuous  to  the 
grampus  and  the  sword-fish,  from  whom  he  is  more 
in  danger  than  from  the  bear.  For  escape  from  the 
bear,  then,  he  must  trust  to  remaining  always  near 
the  water’s  edge  and  keeping  a sharp  look-out. 

Hare  and  ptarmigan,  fox  and  bear,  were  none 
of  them  white  originally ; they  are  never  white 
(barring  an  occasional  accidental  albino)  outside  the 
regions  of  snow;  but  when  in  course  of  their 
gradual  spread  they  began  to  inVade  the  Arctic 
regions,  those  only  that  assimilated,  more  or  less,  to 
the  general  whiteness,  could  hope  ;to  maintain  their 
existence.  Only  the  lightest  coloured  could  pene- 
trate any  distance  into  those  regions,  and  these  only 
a little  way  and  in  small  numbers,  till  natural  selec- 
tion killing  off  the  darker  members  of  the  ever 
whitening  species  and  preserving  the  lighter 
coloured,  ever  lighter  and  lighter,  in  course  of  time 
brought  that  variety  of  the  species  to  the  present 
uniform  white.  In  Norway,  Scotland,  and  other 
regions  where  the  ground  is  white  only  in  winter, 
these  animals  are  white  only  in  winter,  and  in 
summer  assimilate  to  their  summer  surroundings. 
Most  animals,  and  these  especially,  gradually  change 
their  coats  with  the  seasons,  and  those  only  of  this 
class  which  changed  to  white  in  winter  and  back 
again  in  summer  would  survive. 
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But  it  is  by  no  means  only  in  the  Arctic  regions 
that  the  two  classes  of  animals  referred  to  (the 
stealthy  approachers  and  the  helpless  prey)  survive 
by  assimilation  of  colour.  The  tawny  lion  assimi- 
lates to  sands  and  rocks  of  the  desert,  the  striped 
tiger  to  the  dark  reeds  standing  up  against  the 
withered  grass  of  the  jungle,  the  spotted!  leopard  to 
the  dappled  play  of  lights  and  shadows  in  the  thick 
forest,  while  the  boa  constrictor  looks  exactly  like 
one  of  the  lianas  (or  giant  creepers)  coiling  round 
or  hanging  from  the  trees.  Hunters  have  said  that 
you  may  see  a tiger  stealing  through  the  jungle  and 
all  of  a sudden  he  will  seem  to  \^nish  from  your 
sight,  yet  he  is  there  still  in  almost  full  view.  He 
has  only  crouched  behind  a tussock  of  tall  jungle 
grass,  with  head  and  hind-quarters  uncovered,  and 
main  body  gleaming  through  the  grass,  but  he  is 
so  exactly  like  a bunch  of  that  grass  himself  that 
only  a keen  eye  carefully  observing  can  detect  him. 
I have  even  heard  of  a whole  troop  of  hunters  on 
elephants  marching  up  a dry  nullah  (or  gully)  after 
a wounded  tiger  and  passing  him  by  at  a few  yards 
distance  without  seeing  him,  yet  he  was  lying 
crouched  under  a bank  in  full  view,  but  perfectly 
still. 

As  a general  rule  all  striped  animals  are,  or  have 
at  no  very  remote  time  been,  dwellers  in  upstanding 
grass  and  jungle,  and  all  spotted  animals  in  the 
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woods,  where  the  earth  or  boughs  on  which  they 
lie  are  flecked  with  patches  of  shadow  on  lighter 
ground  like  their  own  spots. 

Colour,  then,  need  not  be  dull  or  uniform  to  be 
protective.  The  most  gorgeous  colours  are  some- 
times the  most  protective,  as  in  the  case  of  the 
rainbow-tinted  fishes  swimming  about  amongst  the 
gay  corals,  and  the  bright  butterflies  amongst  the 
bright  flowers.  Moreover,  a patch  or  stripe  of 
bright  colour,  or  a change  of  colour,  is  itself  often 
protective  by  breaking  up  the  outline  of  the  animal’s 
form.  A patch  of  red  on  a green  parrot  not  only 
assimilates  it  better  to  the  occasional  red  leaves  of 
flowers  among  the  green,  but  helps  to  break  up 
its  birdlike  outline.  Military  men  have  found  that 
cross  belts  and  facings,  even  of  bright  colour,  some- 
times help  to  make  the  soldier  less  distinguishable 
at  a distance.  When  the  volunteer  movement  was 
first  started  in  England,  the  men  were  dressed  in 
what  was  called  “ invisible  green  ” (very  dark),  in 
order  to  be  as  inconspicuous  as  possible  to  an 
enemy ; but  it  was  found  that  a body  of  these  troops, 
standing  against  almost  any  kind  of  background, 
was  clearly  noticeable  as  a dark  solid  mass,  or  a 
solitary  soldier  as  the  figure  of  a man,  so  a differ- 
ence and  variety  of  colour  is  now  adopted,  with 
breaks  in  the  shape  of  belts  and  facings.  The  hare 
is  perhaps  the  most  inconspicuous  of  all  animals 
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amidst  its  ordinary  surroundings,  even  though  these 
surroundings  vary  a good  deal,  and  the  hare’s  colour 
is  a mixture  of  many  colours,  no  one  much  pre- 
dominating, with  a patch  or  so  of  white  on  the 
breast  which  helps  to  break  up  its  outline ; and 
hare  colour  has  been  proposed  for  this  reason  for 
the  uniform  of  troops  when  on  active  service. 
Khaki  appears  to  assimilate  best  with  general  sur- 
roundings in  Africa  and  other  dry  countries,  but 
would  be  very  unsuitable  amid  some  surroundings 
— snow  or  thick  green  jungle  for  instance. 

But  colour  acts  protectively  sometimes  by  making 
its  possessor  conspicuous  instead  of  inconspicuous ; 
thus  many  deadly  snakes  are  brightly  coloured 
because,  lying  flat  on  the  ground  and  being  usually 
slow  in  movement  (except  when  striking),  they  are 
apt  to  be  trodden  upon  by  some  heavy  passing 
animal,  and  though  the  snake  might  strike  and 
slay  the  offender,  that  would  not  compensate  it 
for  its  'bruises,  besides  being  a waste  of  venom 
and  energy  which  it  wants  for  securing  its  prey. 

The  passing  animal  is  as  anxious  to  avoid  tread- 
ing upon  him  as  the  snake  is  to  avoid  being  trodden 
upon,  so  seeing  the  gleaming  object  suddenly  at  its 
feet  it  starts  aside,  and  both  animals  are  preserved. 

Still  we  must  not  suppose  that  the  snake’s  bright 
colour  is  adopted  for  the  protection  of  the  other 
animal  at  all ; that  is  only  an  incidental  result ; 


COLOUR. 


65 


for  every  trait,  member,  organ,  or  other  charac- 
teristic of  an  animal  is  seized  upon  and  perpetuated 
(if  favourable  to  its  possessor)  by  natural  selection 
for  the  animal  s own  sake  and  not  for  that  of  any 
other.  * 

Again,  some  non-venomous  snakes  are  brightly 
coloured  like  the  venomous  ones,  simply  because 
since  they  look  so  like  the  venomous  ones,  the 
passing  animal  starts  aside  from  them  too  instead 
of  treading  upon  them. 

But  the  most  wonderful  examples  of  protective 
colouring  are  found  amongst  insects,  whose  shape 
as  well  as  colour  is  made  to  assimilate  to  their 
surroundings ; some  looking  just  like  pieces  of  stick, 
some  like  dead  leaves,  some  like  bits  of  moss,  and 
so  on.  Some  are  protectively  coloured  only  when 
they  are  at  rest.  A great  naturalist  has  told  us  that 
once  when  in  pursuit  of  a gorgeous  butterfly  it 
suddenly  alit  on  a bush  quite  close  to  him  and  im- 
mediately seemed  to  vanish  from  sight.  He  ex- 
amined the  bush  with  his  eye  most  closely  and 
carefully,  but  could  see  no  butterfly,  only  dead 
leaves,  when  suddenly  again  the  butterfly 
opened  its  wings  and  flew  away,  ^/^ith  wings  out- 
spread it  was  a brilliant  object,  but  directly  it 
folded  its  wings  it  resembled  so  closely,  both  in 
shape  and  colour,  a dry  leaf  on  the  bush,  that  he 
could  not  distinguish  one  from  the  other. 
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Again  some  insects  are  eatable  by  birds,  others 
are  bitter  or  objectionable  to  the  bird  in  some 
way ; and  some  o£  the  eatable  ones  escape  in 
great  measure  by  closely  resembling  the  uneatable 
ones. 

Amongst  the  protectively  coloured  animals  there 
appear  some  anomalies — some  sudden  apparent 
violations  of  the  protective  design.  Yet  a little 
examination  and  reflection  generally  cigar  up  the 
difficulty,  and  show  the  apparent  sacrifice  of  pro- 
tection to  be  an  extra  protection.  Thus  the  rabbit, 
while  protectively  coloured  on  its  body,  has  a most 
conspicuous  white  tail,  which  seems  at  once  to 
neutralise  the  effect  of  its  protective  colouring  else- 
where. Why  is  this?  The  explanation  offered  is 
as  follows. 

It  is  a well-estaiblished  rule  that  Nature  concerns 
herself  (so  to  speak)  only  with  the  perpetuation  of 
the  species  and  cares  nothing  for  the  individual. 
She  recklessly  squanders  the  lives  of  millions  that 
the  remaining  thousands,  the  “ fittest,”  the 
" selected,”  may  live. 

Now  the  raibb'it  holds  its  ground  even  more  by 
its  extraordinary  fecundity  than  by  its  protective 
colouring  and  its  bolting  hole.  It  begins  to  breed 
at  four  months  old,  has  three  litters  a year,  and  six 
or  eight  young  in  a litter,  and  all  these  are  preyed 
upon  by  innumerable  enemies.  All  that  Nature 
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“ wants  ” is  that  a sufficient  numiber  may  escape, 
and  this  escape  is  greatly  aided  by  the  rabbit’s 
white  tail.  For  when  she  has  young"  ones  she  does 
not  wander  far  from  her  burrow,  and  keeps  a sharp 
look-out.  Directly  she  notices  an  enemy  approach- 
ing she  gives  a warning  stamp  of  her  foot  and 
bolts  for  her  hole.  The  young,  warned  by  the 
signal,  start  off  at  once,  but  being  scared  and  stupid 
they  would  run'  in  any  direction,  possibly  right  inito 
the  enemy* s jaws,  almost  certainly  not  into  the  hole ; 
but  they  see  their  mother’s  white  tail  and  they 
follow  the  flag  ” and  are  saved.  The  mother,  when 
she  has  no  young  ones,  and  is  feeding  out  in  the 
open,  no  doubt  often  loses  her  life  through  being 
betrayed  by  her  white  tail,  but  Nature  does  not 
care  for  that ; a great  number  have  got  to  die  some- 
how, and  that  only  helps  to  keep  the  hawks  and 
dogs  and  weasels  going.  A sufficient  number  of 
rabbits,  especially  young  ones,  escape. 

But  even  where  concealment  is  not  required,  as 
in  the  case  of  the  rhinoceros,  grizzly  bear,  and 
other  animals,  which  being  lords  of  creation  in  their 
respective  habitats,  have  no  foe  to  fear,  colour 
appears  to  count  for  something  or  represent  some- 
thing ffiat  counts  in  the  struggle  for  existence, 
otherwise,  owing  to  the  ceaseless  operation  of 
variation,  each  species  would  come  to  be  of  many 
colours,  and  we  find  they  do  not.  We  do  not  as 
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yet  know  why  it  is  so,  but  the  fact  is  that,  not  only 
eveay  species  in  a state  of  Nature  is  of  one  pretty 
uniform  tint  as  well  as  colour,  but  also  if  a number 
of  domesticated  animals  differing  greatly  in  colour 
and  markings  get  away  and  go  wild,  we  find  that 
in  a remarkably  few  generations  they  have  all  come 
to  be  of  pretty  much  one  colour,  and  much  the 
same  markings  where  there  are  markings,  and  this 
can  only  be  because  in  some  as  yet  unknown  way 
the  natural  colour  does  influence  or  indicate  some 
quality  advantageous  to  its  possessor.  In  one  way 
and  to  a certain  extent  we  know  how  it  does ; that 
is,  that  colour,  especially  of  the  skin  as  distinguished 
from  the  hair,  accompanies  and  indicates  a certain 
temperament.  A horse  or  cow  with  a black  skin, 
even  though  it  has  white  hair,  is  of  a stronger  consti- 
tution than  one  with  a white  skin.  A black-skinned 
working  bullock  will  outlast  one  with  a white  skin, 
and  a black-skinned  horse  with  white  hair  is  almost 
certainly  a good  horse.  You  can  tell  by  the  muzzle 
and  hoofs  whether  the  skin  undter  the  hair  be  black 
or  white.  A black  muzzle  and  black  hoofs  pretty 
surely  indicate  a black  skin  all  over ; but  often  the 
skin  is  partly  coloured.  White  hoofs  are  always 
soft,  and  when,  as  often  happens,  a horse  has  some 
of  its  hoofs  black  and  some  white,  this  shows  that 
the  body  is  more  oar  less  parti-coloured,  and  the 
white  hoofs  being  softer  than  the  black,  will  require 
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more  constant  reoewals  of  the  shoes,  for  the  animal 
will  quickly  go  lame  on  >hajrd  ground  if  left  unshod. 

Mr.  Wallace  says  that  my  treatment  of  colour  is 
quite  inadequate.  Colour  is  of  even  much  greater 
consequence  than  I have  represented  it  to  be. 
Well,  such  a statement  from  so  high  an  authority 
should  stimulate  the  reader  to  further  study,  which 
ia  just  what  I should  wish.  But  for  me  to  carry 
it  further  would  be  to  swell  this  modest  little  work 
to  undue  limits. 

He  also  calls  my  attention  to  Recognition  Marks. 
These  are  markings  (stripes,  patches  of  colour,  &c.), 
the  apparent  object  of  which  is  to  enable  the  several 
individuals  of  a species  to  recognise  each  other 
instantly  at  a distance,  or  amid  dense  surroundings, 
or  in  other  situations  in  which  prompt  recognition 
is  required. 

One  example  of  such  I have  already  given  in 
regard  to  the  white  tail  of  the  rabbit.  But  to  give 
any  adequate  idea  of  the  part  these  markings  play 
in  enabling  individuals  of  a species  to  distinguish 
each  other  promptly,  from  individuals  of  some  other 
species  closely  resembling  them  in  general  appear- 
ance, would  require  pictorial  illustrations. 
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But  every  species  is  not  only  of  one  pretty  uniform 
colour  but  still  more  of  one  pretty  uniform  size. 
Why  is  the  elephant  so  large,  the  mouse  so  small, 
each  species  of  the  size  that  it  is,  and  not  larger  or 
smaller  ? 

I suggest  that  to  a great  extent  its  size  is  deter- 
mined by  the  balance  struck  between  two  opposing 
tendencies. 

The  first,  tending  to  reduction  of  size,  is 
Economy  of  structure. 

Every  member,  organ,  extra  inch  of  stature,  or 
ounce  of  weight  that  is  not  a distinct  advantage 
is  a disadvantage,  implying  as  it  does  so  much 
more  structure  to  be  built  up  and  maintained, 
gener^ally  so  much  more  expenditure  of  force 
in  its  exercise,  and  (consequently)  so  much 
more  food  imperatively  required  without  any  corre- 
sponding advantage.  Every  extra  ounce  of  food 
to  be  eaten  as  surely  handicaps  an  animal  in  the 
struggle  for  existence  as  every  extra  ounce  of 
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weight  to  be  carried  handicaps  a runner  in  a race. 
The  effect  of  this  is  a constant  tendency  to  reduc- 
tion of  size. 

There  is  for  every  species  a certain  minimum 
(determined  by  its  food,  'habits,  and  surroundings) 
below  which  it  cannot  fall.  Thus  an  animal  that 
bolts  its  food  whole,  like  the  sparrow,  turkey,  snake, 
fish,  must  have  a gullet  and  stomach  large  enough  to 
receive  the  food  on  which  it  subsists.  A bird,  say 
the  sparrow,  that  lives  on  thistle  and  other  smaller 
seeds,  must  be  large  enough  to  swallow  them,  but 
need  not  be  large  enough  to  swallow  a pea,  much 
less  a bean ; while  a bird  that  lives  on  peas  and 
beans,  or  similar  large  seeds,  say  a turkey,  must  be 
large  enough  to  swallow  these.  Sparrows  and 
turkeys  then  could  occupy  together  the  same 
country  (provided  it  produced  both  large  and  small 
seeds)  without  coming  into  competition  in  the  least 
in  the  struggle  for  existence;  for  each  would  keep 
to  its  own  separate  food  supply.  The  sparrow  would 
not  pick  up  peas  because  it  could  not  swallow  them, 
and  the  turkey  would  not  pick  up  thistle  seeds 
(unless  driven  by  starvation)  because  it  would  be 
a waste  of  time  and  energy. 

It  would  cost  as  much  effort  to  pick  up  a thistle 
seed  as  to  pick  up  a pea,  and  each  bird  can  only 
pick  up  one  seed  at  a time.  Each  wants  to  pick 
up  as  many  as  are  necessary,  but  not  to  waste  time 
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and  energy  in  picking  up  more  than  are  necessary. 
A sparrow,  or  turkey,  that  was  one-tenth  larger 
than  the  general  run  of  sparrows  or  turkeys,  would 
have  to  find  one-tenth  more  seeds,  would  expend 
one-tenth  more  time  and  energy  in  seeking  for 
them,  and  so  require  more  rest,  and  would  yet  have 
less  time  to  rest  in.  In  time  of  scarcity  it  would  not 
be  ajble  to  find  the  one-tenth  more  food  at  all. 
Anyway,  it  would  be  handicapped  one-tenth  in  the 
struggle  for  existence;  so  that  Natural  Selection 
brings  about  a constant  tendency  to  reduction  of 
size,  down  to  a certain  point,  that  is,  to  the  point 
at  which  a sufficient  number  of  the  species  can 
without  serious  difficulty  find  enough  subsistence  in 
the  worst  season  of  the  year ; for,  as  the  weakest 
link  of  a chain  is  the  measure  of  its  strength,  so 
the  food  supply  in  the  month  of  greatest  scarcity 
is  the  measure  of  the  food  supply  for  the  species. 
Whence  it  follows  that  during  the  season  of  greatest 
abundance  there  is  usually  a great  excess  of  food 
supply,  enabling  the  species  to  get  fat  and  to 
multiply  till  the  recurring  season  of  scarcity  again 
reduces  their  numbers. 

Reduction  of  size  to  meet  requirements  of  food 
in  one  species  admits  a great  number  of  the  same 
species  and  also  often  opens  the  door  of  admission 
for  another  and  larger  species.  Thus  the  reduction 
in  size  of  the  thistle-eating  sparrow  admits  the 
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appearance  of  the  pea-eating  turkey,  the  reduction 
of  the  frog-eating  smaller  snake  admits  the  appear- 
ance of  the  deer-swallowing  boa  constrictor,  and  the 
reduction  of  the  minnow-eating  trout  admits  the 
trout-eating  pike. 

But  the  law  of  economy  of  structure  seizes  upon 
each  of  these  in  its  turn,  tending  to  reduce  it  to  the 
dimensions  compatible  with  its  requirements.  This 
tendency  might  go  on  reducing  species  to  ever 
smaller  dimensions,  but  for  a counter  tendency 
towards  increase  of  size,  and  that  is  the  Sex 
tendency. 

No  animal,  however  excellently  adapted  for  its 
own  individual  self-support,  will  be  able  to  transmit 
its  excellences  to  succeeding  generations  imless  it 
‘can  find  a mate;  and  in  the  great  majority  of  cases 
the  male  has  to  fight  for  the  female  as  well  as  to 
woo  her.  This  constant  Natural  Selection,  then, 
amongst  the  polygamous  species,  of  the  strongest 
to  find  miates  and  therefore  leave  offspring,  tends  to 
keep  up  the  size  of  the  species  to  what  we  may  call 
the  maximum  of  the  minimum;  that  is,  to  the 
largest  dimensions  that  can,  without  serious  diffi- 
culty, find  sufficient  food  to  tide  through  periods  of 
greatest  scarcity.  The  balance  struck  then  by  the 
play  of  these  two  contending  forces.  Economy  of 
structure  forcing  the  size  down  and  the  Sex 
tendency  forcing  it  up,  is  perhaps  one  of  the  chief 
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factors  in  determining  the  size  of  the  polygamous 
species,  at  any  rate. 

No  doubt  there  are  others;  but  my  business  is 
simply  to  show  the  general  manner  in  which  Natural 
Selection  works,  not  the  exact  line  it  has  followed ; 
and  my  point  here  is  to  illustrate  by  one  example, 
at  any  rate,  how  results  are  brought  about  by  the 
play  of  contending  forces. 

As  an  example  of  another  factor  take  the  mouse. 
The  mouse’s  salvation  from  the  ever  watchful  cat, 
owl,  hawk,  or  other  foe,  rests  mainly  on  its  ability 
to  dart  into  some  shelter ; behind  some  box  or 
sack  if  in  a house ; under  some  stone  or  log  if  out 
of  doors ; on  this  much  more  than  on  the  nature 
or  scarcity  of  its  food  does  its  need  for  smallness 
depend.  The  larger  the  mouse  the  less  likely  is  it 
to  find  at  the  critical  moment  a hole  just  large 
enough  to  admit  it  and  yet  small  enough  to  exclude 
the  enemy.  Thus  every  fraction  of  extra  size  is 
against  it,  and  under  the  influence  of  this  pressure 
the  mouse,  as  a species,  would  get  smaller  and 
smaller,  but  for  the  sex  tendency  compelling  it  (so 
to  speak)  to  keep  up  its  “ fighting  weight.” 

The  lion,  on  the  other  hand,  must  be  large  enough 
to  pull  down  the  zebra  and  other  large  prey;  the 
giraffe  tall  enough  to  reach  the  twigs  on  which  it 
feeds ; though  one  traveller  asserts  that  the  giraffe 
is  really  taller  than  the  mimosa-trees  on  which  it 
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feeds,  and  that  the  advantage  of  its  height  is  to 
enable  it  to  look  over  the  trees  and  so  perceive  an 
approaching  foe.  Whichever  of  these  two  explana- 
tions is  correct,  it  illustrates  equally  well  the  prin- 
ciple of  size  being  determined  by  what  Mr.  Wallace 
calls  “ adaptability  to  gesneral  condiitiions.”  He  pre- 
fers to  give  this  as  the  sufficient  and  best  explanation 
of  size  of  species.  He  does  not  think  the  play  of  the 
two  particular  forces  I have  given  have  much  to 
do  with  the  matter,  as  food  supply  is  almost  always 
greatly  in  excess  of  food  demand,  and  almost  all 
animals  find  mates  somehow.  He  says  I “ make 
the  matter  much  too  simple,  whereas  natural  con- 
ditions are  always  very  complex.” 

No  doubt  they  are,  but  the  most  complex  con- 
ditions are  made  up  of  many  simple  ones,  and  my 
humble  aim;  is  merely  to  give  a sufficiently  clear 
notion  of  some  of  them  to  enable  the  reader  to  grasp 
the  general  idea  of  Evolution  of  Species  and  the 
kind  of  way  in  which  it  works. 
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The  term  “Vertebrates”  means  all  animals  that 
possess  a backbone,  consisting  of  separate  pieces 
called  Vertebras,  and  the  class  includes  beasts, 
birds,  reptiles,  and  fish ; all  living  creatures,  in  short, 
except  insects,  aphides,  worms,  shellfish,  and  such 
lower  forms. 

All  these  vertebrates  appear  (as  we  shall  see 
better  later  on)  to  have  descended  from  a marine 
animal  that  gradually  passed  from  aquatic  through 
amphibian  to  terrestrial  form  and  habits,  and  was 
built  on,  the  plan  of  a body  with  a head  in  front, 
a tail  behind,  and  four  limibs  ending  in  five  fingers 
or  toes  on  each ; and  the  bones  in  its  descendants 
have  remained  pretty  constant  in  their  number,  and 
quite  constant  in  their  order  of  arrangement.  But 
the  proportionate  size  of  these  bones  has  varied 
greatly,  some  growing  longer,  soihe  shorter,  but 
never  changing  places.  In  some  cases  one  or  two 
of  these  bones  have  disappeared  altogether,  but 
almost  always  showing  traces  of  their  disappear- 
ance ; while  some  few  have  duplicated  or  even 
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multiplied,  but  generally  leaving  indications  of  their 
duplication  or  multiplication.  Generally  speaking 
though,  they  remain  the  same  in  number,  how- 
ever much  altered  in  relative  size ; thus  the  giraffe 
has  a very  long  neck,  the  pig  a very  short  one, 
but  both  have  exactly  the  same  number  of  vertebrae 
in  their  neck.  The  bone  of  the  upper  arm  may 
have  grown  longer  than  the  lower  in  some  species 
and  vice  versd  in  others;  ,but  in  both  oases  the 
upper  arm  remains  clearly  the  original  upper  arm, 
and  the  lower,  the  lower. 

The  little  finger  in  the  bat  has  been  inordinately 
lengtliened  to  make  a wing,  but  it  remains  clearly 
the  little  finger  lengthened  and  not  the  long  finger 
changed  places  with  the  little  one.  Also  the 
muscles,  skin,  and  attachments  of  one  sort  or 
another  have  greatly  changed  in  their  form  and  use ; 
but  the  manner  of  their  gradual  alteration  can  often 
be  clearly  traced,  and  every  succeeding  year  fresh 
light  is  thrown  upon  the  process  through  the 
observations  of  naturalists  and  the  discovery  of 
fossil  remains. 

In  many  cases  the  change  has  been  carried  so 
far  that  one  member  has  been  converted  into 
another  of  quite  different  kind  and  purpose,  as 
the  fore-flipper  of  the  original  amphibious  ancestor 
has  gradually  developed,  here  into  the  fore-leg  of 
the  horse,  here  into  the  arm  of  the  monkey  (or 
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man),  here  into  the  wing  of  the  bat,  and  here  into 
the  fin  of  the  whale ; all  of  which  contain  almost 
always  exactly  the  same  number  of  bones  in  the 
same  order  of  arrangement,  but  differing  greatly  in 
their  proportionate  size,  and  in  their  muscles, 
attachments,  and  use. 

Let  us  trace  out  some  of  these  variations  in  their 
simpler  forms  first ; that  is,  where  the  proportionate 
size  of  the  different  members  varies  in  a noticeable 
but  not  puzzling  way  from  the  ordinary  type.  We 
notice  that  the  ferret  tribe,  which  pursues  its  prey 
into  narrow  and  tortuous  holes,  has  disproportion- 
ately short  legs  and  long  flexible  bodies ; that  the 
South  American  spider-monkey,  which  travels  more 
swiftly  overhead  by  swinging  itself  from  bough  to 
bough  than  the  animal  on  the  ground  beneath  that 
has  to  force  its  way  through  fallen  timber  and  dense 
scrub,  has  disproportionately  long  arms ; that  the 
paws  of  the  mole  have  become  of  little  use  for  rapid 
locomotion,  but  powerful  for  burrowing ; that  the 
pig,  which  in  its  natural  state  obtains  most  of  its 
food  by  digging  up  roots,  has  an  unusually  hard 
snout  and  powerful  neck  muscles ; that  the  chamois, 
which  lives  on  the  mountain  tops,  has  hoofs  of 
remarkable  hardness  and  rapid  growth  to  resist  and 
restore  the  wear  and  tear  they  must  suffer  from 
the  sharp  rocks,  insomuch  that  when  kept  as  a pet 
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on  the  soft  grass  its  hoofs  grow  so  rapidly  from 
want  of  the  accustomed  wear  and  tear  that  they 
would  become  crippling  monstrosities  if  not  re- 
peatedly clipped'  by  man ; while  the  divided  hoof 
of  'the  camel,  w'hich  travels  over  soft  sand,  hsis 
developed  into  a great  soft  double  pad  that  spreads 
out  over  the  sand  instead  of  sinking  in ; and  seeing 
that  it  dwells  in  the  desert  where  often  neither  food 
nor  water  can  be  expected  for  days  together,  it  has 
developed  special  receptacles  in  a water-stomach  for 
the  supply  of  the  one  necessary  and  a hump  for 
supply  of  the  other;  for  the  hump  is  a mere  mass 
of  fatty  matter,  of  stored-up  digested  food  supply, 
from  which  it  is  nourished  when  no  food  can  be 
got,  which  diminishes  rapidly  in  size  as  its  store 
of  nourishment  is  used  up,  and  falls  over  as  a limp, 
empty  bag  before  starvation  finally  overtakes  it. 

All  these  peculiarities  of  form  are  easily  under- 
stood and  accounted  for  once  we  have  grasped  the 
principle  of  Natural  Selection  seizing  and  perpetua- 
ting every  accidental  variation  that  is  in  any  way 
an  advantage  to  its  possessor. 

But  someone  may  say,  “ Oh  yes ; we  can  easily 
see  how  any  particular  member  can  by  natural 
selection  be  gradually  lengthened  or  shortened, 
widened  or  narrowed,  hardened  or  softened ; how 
a forearm  can  be  gradually  lengthened,  and  be  made 
available  for  grasping,  as  with  the  spider-monkey. 
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or  shortened  and  made  available  for  digging,  as 
with  the  mole ; the  forearm  remaining  a forearm, 
substantially  the  same  member  still ; but  how  can 
one  member  be  changed  into  another  member  of 
quite  different  kind,  say  the  hn  of  a fish  for  swim- 
ming into  the  wing  of  a bird  for  flying  ? ” 

The  explanation  is  the  same  in  both  cases.  It 
is  all  a matter  of  slight  variation  “seledted,”  per- 
petuated, and  “ pushed  on  ” by  imperceptible 
degrees  in  a given  direction  ; and  it  is  just  the  same 
with  the  gradual  change  of  the  whole  nature,  as 
with  the  developments  of  a fish  fitted  to  breathe 
only  the  fixed  air  entangled  in  the  water  into  a 
land  mammal  fitted  to  breathe  only  in  the  free 
outer  air. 

We  shall  see,  under  the  heading  “ Flight,”  how 
the  fin  changes  into  the  wing.  As  for  the  con- 
version of  the  water-breathing  fish  into  the  air- 
breathing  land  animal,  we  can  see  samples  of  the 
process  now  in  the  amphibia.  We  can  see  the 
alligator  alble  to  live  either  on  land  or  in  the  water, 
and  in  the  fossils  of  the  rocks  we  find  remains  of 
various  types  of  alligator-like  monsters,  some  of 
which  were  by  their  construction  evidently  fitted 
for  the  water  only,  having  fins  not  paws,  and 
others  more  nearly  approaching  the  present 
alligator.  From  the  alligator  on,  we  have  the 
monitor  and  the  iguana,  which  still  take  freely  to 
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the  water  on  emergency,  but  are  yet  essentially 
land  animals  now,  some  of  which  live  far  from 
wateir.  Nothing  can  be  produced  out  of  nothing, 
but  anything  can  be  turned  into  something  else — 
in  Nature’s  workshop.  And  the  something  which 
has  been  converted  into  an  air-breathing  lung  is 
the  fish’s  swimming-bladder,  a little  receptacle  in 
the  fish  containing  air,  but  not  used  by  it  for  in- 
haling and  exhaling  air. 

Take,  then,  a fish  (and  there  are  many  such)  that 
lives  in  the  brackish  water  of  an  estuary  lined  with 
mudbanks.  Such  a fish  is  constantly  liable  to  be 
left  stranded  on  the  mud  by  the  retiring  tide. 
Those  of  them,  then,  that  could,  not  only  flop  most 
vigorously  about  on  the  mud,  but  also  remain  long- 
est in  the  free  air,  would  survive  those  that  perished 
before  they  could  make  their  way  back  to  their 
native  element;  and  the  connection  between  the 
swim  bladder  and  the  outer  air  would  help  in  such 
case.  The  more  this  faculty  of  remaining  in  the- 
outer  air  (and  flopping  about  on  the  mud)  was 
developed,  the  more  amphibious  the  fish  would 
become,  till  we  arrived  at  a fish  that  voluntarily  left 
the  water  to  roam  about  on  the  mud ; some  fish 
do  this,  and  one  species  has  got  so  far  as  to  climb 
trees.  For  the  rest  it  is  a mere  matter  of  time  and 
further  development  in  the  same  direction  to  reach 
an  animal  that  lived  equally  well  on  the  mud  and 
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in  the  water ; thence  on  to  an  animal  that  made 
excursions  on  to  the  dry  land  and  found  food 
there,  and  so  on,  gradually  dropping  its  aquatic 
habits,  till  it  became  a purely  land  animal.  And  all 
this  could  only  be  accomplished  by  the  gradual 
development  of  the  swim  bladder,  first  into  the 
rude  outline  of  a lung,  and  later  on  into  the  perfect 
pair  of  lungs.  At  the  same  time,  and  by  the  same 
process,  the  fin  would  become  gradually  converted 
into  a flapper,  the  flapper  into  a web  foot,  and  the 
web,  when  no  longer  wanted,  would  gradually  dis- 
appear by  disuse,  and  the  true  foot  of  a land  animal 
remain. 

But  we  have  not  to  look  far  back  into  past  ages 
to  discover  the  dawn  of  life  and  the  primeval  form 
from  which  all  higher  animal  life  .has  branched  out, 
for  beneath  the  lowest  forms  of  organized,  differ- 
entiated Ilife  we  find  an  existing  creature,  the 
Amoeba,  which  is  simply  a formless  lump  of  living 
matter,  of  a substance  called  protoplasm.  This 
creature  has  no  mouth,  stomach,  or  limbs,  and  no 
special  organs  of  any  kind.  When  it  wants  to 
move  it  simply  pushes  out  a part  of  its  body  as  a 
temporary  foot ; when  it  comes  in  contact  with  food 
of  any  sort  it  simply  gives  inwards,  then  folds  itself 
over  the  morsel  and  digests  it;  it  multiplies  by 
simply  dividing  itself,  or  casting  off  a part,  and 
each  part  starts  a separate  existence  of  its  own.  It 
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represents,  in  short,  apparently  the  dawn  of  life — the 
first  step  from  dead  matter  to  organic  life.  This 
protoplasm  is  found  not  only  as  an  independent 
creature,  the  Amoeba,  but  in  the  tissue  of  all  animal 
and  vegetable  structure.  It  constitutes  the  basis 
as  well  as  represents  the  dawn  of  life. 


TEMPERAMENT. 


The  bodies  of  all  animals  are  composed  of  the  same 
kinds  of  material ; muscles,  nerves,  cellular  tissue, 
bone,  with  blood  circulating  through  them  all.  But 
the  proportions  of  these  materials  vary  amongst 
different  individuals  of  the  same  species. 

Some  tend  noticeably  to  develop  muscle,  some 
bone,  some  fat,  and  so  on.  The  character,  both 
bodily  and  mental  of  the  animal,  will  be  markedly 
affected  by  the  particular  tendency  of  this  sort  that 
it  exhibits,  and  these  differences,  or  rather  the 
special  characterstics  which  these  differences  pro- 
duce, are  called  Temperaments. 

The  sanguine  temperament  indicates,  as  its  name 
implies,  full-bloodedness  ; a full  and  generally  rapid 
current  of  well-aerated  blood.  In  human  beings 
the  signs  of  this  temperament  are  a ruddy  com- 
plexion and  light  hair  tending  to  red  ; and  its  effects 
are  an  active  disposition  and  a fondness  for  exercise. 

In  the  muscular  temperament,  the  tendency  is 
not  so  much  to  full  blood  but  to  firm  solid  muscle. 
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Its  signs  are  in  the  human  subject  a dark  com- 
plexion, coarse  dark  hair  tending  to  black ; and 
the  effect  is  less  activity  but  more  strength.  The 
mental  character  shows  the  same  tendency ; ideas 
and  feelings  will  be  slower  to  originate,  but  fix 
themselves  deeper  and  stronger ; such  a one  would 
be  likely  not  to  learn  quickly  but  to  remember 
well. 

The  nervous  temperament  indicates  a special 
development  of  nervous  tissue,  of  which  the  brain 
is  a part,  and  the  most  important  part.  But  the 
development  shows  itself  in  quality  rather  than 
quantity.  A “ nervous  ” person,  using  the  word 
in  this  sense,  will  not  necessarily  have  a large  or 
powerful  brain ; it  may  be  a very  small  one,  but  it 
will  be  of  finer  texture  and  more  sensitive.  The 
signs  of  this  temperament  are  fine  soft  hair,  small 
bones,  thin  skin,  slight  build.  Its  effects  will  be 
keen  sensibilities,  quickness  of  perception,  vivid 
impressions,  and  activity  of  mind  rather  than  body, 
though  in  some  degree  generally  of  both.  * 

The  lymphatic  temperament  indicates  the  ten- 
dency to  lay  on  fat  rather  than  muscle  or  nerve ; 
its  signs  are  fine  soft  hair,  rounded  outline  of  form, 
large  stomach,  good  digestion.  The  effect  is  a 
placid  disposition,  a disinclination  to  exertion  either 
of  body  or  mind,  and  a tendency  to  get  fat. 

Besides  these  there  are  other  tendencies  resulting 
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in  other  temperaments,  such  as  the  tendency 
towards  bone,  which  may  be  called  the  osseous ; 
towards  special  development  of  skin,  or  of  that 
outer  covering  which  is  variously  called  hair,  fur, 
wool,  fathers,  or  spines,  according  to  its  texture. 
These  other  tendencies  have  received  no  special 
names,  perhaps  because  they  are  of  less  conse- 
quence, or  more  likely  because  these  consequences 
have  been  less  noticed. 

These  temperaments  are  hardly  ever  found  pure  ; 
they  are  almost  always  mixed ; the  sanguine 
nervous  being  one  of  the  commonest ; and  the 
nervous  lymphatic  is  not  uncommon,  in  which  last 
the  opposite  tendencies  do  not  neutralise  each  other, 
but  show  themselves  each  in  its  own  way,  the 
possessor  being  pretty  sure  to  be  disinclined  to 
bodily  exercise,  but  fond  of  using  his  brain  in  a 
sedentary  way,  and  to  feel  acutely  for  the  moment, 
but  rapidly  lose  the  impression  and  regain  his 
placidity. 

I have  explained  how  these  differences  of 
temperament  show  themselves  in  man,  because 
in  man  they  are  the  greatest  in  degree  of 
difference,  most  easily  observed,  and  produce  the 
most  noticeable  results;  but  they  exist  amongst 
all  animals.  In  the  domesticated  animals  most  of 
all,  because  man  has  for  his  own  purposes  been 
constantly  “artificially  selecting”  such  particular 
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temperament  as  suited  him,  pairing  those  that 
exhibited  them,  isolating  the  breed,  and  so  pro- 
ducing new  varieties,  each  exhibiting  such  particular 
temperament  as  suited  the  breeder  best. 

The  pig  he  wants  for  one  purpose  only,  for -meat ; 
so  every  artificial  breed  of  pigs  has  been  selected 
for  lymphatic  temperament,  for  the  tendency  to 
keep  quiet  and  lay  on  fat.  But  sheep  he  wants  for 
several  different  purposes ; some  specially  for  meat, 
some  for  wool,  some  for  hardiness  of  constitution  to 
thrive  in  inclement  situations,  like  the  Highland 
breed,  and  he  has  selected  the  temperament  re- 
quired and  bred  accordingly  in  each  case.  Cattle 
also  he  wants  for  at  least  three  different  purposes. 
Some  for  working  bullocks,  in  which  case  he  selects 
the  temperament  that  runs  to  bone  and  muscle ; 
some  for  meat,  in  which  case  he  selects  the  tendency 
to  fat ; and  some  for  dairy  purposes,  in  which  case 
he  selects  the  tendency  to  abundance  and  richness 
of  milk. 

The  same  temperament  will  not  run  to  both  fat 
and  milk ; a cow  that  fattens  readily  rarely  makes 
a good  milker,  and  vice  versa  ; but  for  both  purposes 
there  must  be  one  characteristic  common  to  both, 
a good  dash  of  the  lymphatic  temperament  giving 
a placid  disposition  and  good  digestion.  A nervous, 
excitable  cow  will  neither  lay  on  much  fat  nor  pro- 
duce much  milk.  < 
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HorseSj  too,  aro  wanted  for  different  purposes  j 
for  the  heavy  London  dray  horse,  the  lymphatic 
muscular  temperament;  such  a development  of 
muscle  as  will  enable  it  to  start  with  a steady  pull 
the  ponderous  dray  that  has  constantly  to  stop  to 
deliver  its  goods  from  door  to  door,  and  at  the 
same  time  such  a placid  disposition  that  it  will  not 
'be  startled  by  the  innumerable  strange  sights  and 
noises  in  the  crowded  streets.  For  the  hunter  he 
wants  muscle  and  activity  combined,  and  so  selects 
the  corresponding  combination  of  temperaments ; 
and  for  the  racer  the  nervous,  sanguine  temperament 
that  produces  high  speed,  activity,  and  intensity  of 
effort.  What  animal  is  so  nervous  as  the  pure 
thorough-bred ! How  he  stands  when  surprised,  how 
his  ears  prick,  his  eyes  gleata,  his  nostrils  distend! 
How  he  chafes  under  the  curb,  how  eager  he  is  to 
start  in  the  race,  how  he  strains  to  win! 

In  all  these  cases  man  has  purposely  selected 
and  differentiated  temperaments  and  breeds,  and  in 
so  doing  has  produced  characteristics  that  Nature 
would  in  the  wild  state  not  only  never  have  selected 
but  ruthlessly  stamped  out  when  they  appeared. 

The  thorough-bred  racer,  with  its  high-strung, 
delicate  constitution,  with  everything  sacrificed  to 
the  one  quality  of  a short  burst  of  great  speed, 
would  never  stand  the  blizzard,  the  dust-storm, 
the  extremes  of  heat  and  cold  on  the  open  prairie. 
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The  placid  comfortable  Berkshire  pig,  accustomed 
to  have  the  richest  food  provided  for  it  artificially, 
would  never  make  a living  by  digging  fern  roots 
out  of  the  hard  earth,  or  cracking  acorns  in  the 
forest.  The  dairy  cow,  turning  the  bulk  of  the 
food  she  consumes  to  tlie  production  of  far  more 
milk  than  her  calf  requires,  and  with  her  great 
udder  swinging  about  and  impeding  her  motions, 
could  never  escape  from  the  hunter  or  the  wolves. 

Turn  all  these  animals  loose  in  the  wilds^  and 
in  a very  few  generations  the  few  that  survived 
would  be  found  to  have  lost  all  their  artificially 
acquired  characteristics  and  “ reverted  ” to  the 
coarse  primitive  type.  Darwin  says  that  if  you 
turn  a number  of  fancy  pigeons  of  various  breeds 
— tumblers,  fantails,  pouters,  carriers — ^loose,  they 
will  all  in  a very  few  generations  be  found  to  have 
reverted  to  “ Blue  Rocks  ” — to  the  primitive  ances- 
tral wild  pigeon  type  which  “ fits  ” the  natural  wild 
state. 

If  you  want  to  see  what  type  Nature  would 
select  for  the  horse,  the  ox,  the  pig,  look  to  the 
countries  where  they  are  found  wild,  and  you  will 
see  what  she  has>  selected.  There  are  different 
varieties — different  species  even — of  them  all,  each 
adapted  to  its  particular  environment,  but  all  the 
individuals  of  each  kind  in  each  place  wonderfully 
alike,  and  none  of  them  resembling  the  domesticated 
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breeds  in  the  particulars  that  man  has  artificially 
selected  and  established.  Each  will  have  developed 
in  an  “ all-round  ” way,  though  specially  in  some 
particular  direction  that  its  environment  may  require 
to  enable  it  to  hold  its  own.  You  will  not  find 
this  developed  for  fine  wool,  that  for  excessive  fat, 
another  for  a short  burst  of  speed.  The  wild  boar 
is  a coarse,  long-nosed,  lean-flanked  brute  that  a 
breeder  would  shudder  to  see.  The  wild  horse  is 
small,  rough,  hardy,  intractable ; while  wild  cattle 
are  of  many  kinds,  but  none  of  them  in  the  least 
resembling  the  dairyman’s  cow,  the  farmer’s  work- 
ing-bullock, or  the  grazier’s  fattening  ox. 

According  to  the  environment  and  requirements 
of  the  animal  will  be  the  temperament  selected. 
One  that  leads  a very  active  life,  like  the  monkey 
gambolling  in  the  trees  and  swinging  himself  from 
branch  to  branch,  will  require  a full  and  rapid 
circulation  of  blood,  quick  perceptions  and  decisions, 
so  the  sanguine  nervous  temperament  will  be 
selected.  The  tortoise,  crawling  sluggishly  along 
and  trusting  for  protection  to  its  shell,  will  have 
quite  a different  temperament.  An  animal  that 
requires  little  activity  but  great  strength,  like  the 
boa  constrictor,  will  not  have  a full  and  rapid 
circulation,  but  a great  development  of  muscle. 
Another  that,  like  the  bear,  must  have  a tendency 
to  lay  on  fat  rapidly  in  order  to  accumulate  enough 
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during  the  summer  to  sustain  it  during  the  winter 
sleep,  will  require  a strong  dash  of  the  lymphatic 
temperament.  And  each  of  the  temperaments  so 
selected  will  show  the  bodily  and  mental  charac- 
teristics of  that  temperament,  and  they  will  fit  in 
with  the  requirements  of  the  animal’s  life.  Thus 
the  placid,  torpid  character  that  accompanies  the 
lymphatic  temperament  will  favour  the  desire  to  go 
to  sleep  soon,  and  to  sleep  long  and  soundly  through 
the  winlter ; which  it  is  the  bear’s  destimy  to  do. 


HABITS. 


Two  given  species  may  be  equally  matched  in 
form,  structure,  constitution,  intelligence,  and  every 
physical  “ fitness  ” for  their  surroundings,  and  yet 
one  beat  out  the  other  by  having  unconsciously 
adopted  some  habit  that  gave  it  an  advantage.  The 
swallow’s  constitution,  for  instance,  requires  warmth, 
but  not  torrid  heat ; the  wild  goose  cold,  but  not 
Arctic  cold.  Those  swallows  and  geese,  then,  that 
acquired  the  habit  of  migrating  south  in  the  autumn 
and  north  in  the  spring,  escapeid  being  frozen  in 
the  winter  or  frizzled  in  summer ; the  others 
died. 

The  porcupine  rolls  itself  into  a ball,  presenting 
a bristling  array  of  spines  when  molested.  Any 
of  them  that  did  not,  but  tried  to  run  away,  would 
be  killed,  as  they  are  slow  runners. 

The  bear,  on  approach  of  winter,  when  there  are 
no  berries  to  eat  or  wild  animals  to  catch,  retires 
to  his  lair  and  hibernates  (that  is,  sleeps  through 
the  winter).  Any  that  did  not  would  starve. 

Those  wolves  that  associated  themselves  in  packs 
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wouM  have  a wider  range  of  subsistence  than  those 
that  remained  solitary,  because  they  would  be  able 
by  their  united  strength  to  pull  down  large  game, 
while  the  solitary  ones  would  be  reduced  to  preying 
on  such  small  animals  as  they  could  caitch  single- 
handed.  Those  beavers  that  felled  trees  and  con- 
structed dams  and  dwellings  would  find  themselves 
provided  with  shelter  and  their  necessary  surround- 
ings of  water,  and  so  would  survive  those  that 
neglected  these  precautions. 

In  many  cases  we  can  see  pretty  clearly  how 
these  habits  originated  ; in  some  we  cannot,  as  yet. 

We  can  see  that  the  porcupine’s  habit  of  rolling 
himself  into  a ball  arose  out  of  the  instinctive  desire 
of  every  creature  to  shrink  and  hide  and  make  itself 
as  small  as  possible  in  presence  of  a threatening 
foe.  The  dog  shrinks  and  tucks  his  tail  between 
his  legs ; the  lark  that  sees  the  hawk  overhead 
cowers  on  the  ground ; the  woman  who  thinks  she 
hears  burglars  in  the  house  covers  her  head  under 
the  bedclothes.  In  the  porcupine’s  case  this  cower- 
ing and  tucking  himself  in  actually  secures  lias 
preservation.  So  that  those  porcupines  that  tucked 
themselves  in  and  rolled  themselves  up  most  com- 
pletely alone  escaped. 

Conversely,  many  animals  in  presence  of  a foe 
they  do  not  exactly  dread,  but  expect  to  have  to 
fight,  make  themselves  look  as  large  as  possible, 
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as  if  in  hope  of  frightening  the  foe ; thus  the  dog 
and  pig  bristle  up,  the  gamecock  and  turkey  ruffle 
up,  the  cat  arches  his  back  and  swells.  Presumably 
this  artifice  does  in  some  degree  frighten  an  ad- 
versary away,  or  the  habit,  being  useless,  would  not 
have  been  perpetuated. 

But  all  these  habits  appear  to  have  originated 
blindly,  “ accidentally,”  and  not  of  set  design  on 
the  part  of  the  animals,  as  perhaps  we  shall  see 
better  later  on.  The  swallow,  as  the  type  of  a 
migratory  animal,  had  not  studied  geography,  and 
did  not  know  that  it  gets  colder  as  you  approach 
the  Poles  and  hotter  as  you  approach  the  Equator  ; 
but  as  the  weather  grew  uncomfortably  cold,  or 
hot,  as  the  case  may  be,  it  grew  restless,  and  flew 
away  somewhere.  Those  that  flew  in  the  right 
direction  benefited  and  survived ; those  that  flew 
in  the  wrong  direction  failed  to  escape  the  in- 
creasing severity  of  the  season  and  died.  Personal 
experiences,  too,  soon  came  in  to  supplement  in- 
stinctive restlessness ; the  young  swallow  simply 
followed  its  parents  when  the  time  for  migrating 
arrived,  and  henceforth  knew  of  its  own  knowledge 
the  right  way,  and  the  parent  had  acquired  its 
knowledge  in  the  same  way.  But  these  long  migra- 
tions of  hundreds,  sometimes  thousands  of  miles, 
were  no  doubt  matters  of  gradual  development 
The  first  migrators  probably  only  migrated  a day 
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or  two’s  flig-ht,  and  that  not  continuous ; but  even 
a day  or  two’s  flight  north  or  south  makes  an 
appreciable  difference  of  temperature  to  an  animal 
that  is  already  outside  the  tropics ; those  that  took 
the  longest  migrating  flight  survived  in  greatest 
numbers,  and  so  the  flights  lengthened. 

But  how  came  these  birds  to  cross  wide  seas  like 
the  Mediterranean?  Well,  the  probable  answer  is 
that  the  habit  arose  in  far  past  ages,  before  Europe 
and  Africa  had  become  completely  separated, 
when  the  two  continents  were  joined  by,  at  any 
rate,  an  isthmus  or  two,  say  across  the  narrow 
Strait  of  Gibraltar,  and  from  Tunis  across  by  Sicily 
to  Italy,  Later,  as  the  land  subsided  and  the  sea 
encroached,  the  isthmus  would  be  converted  into 
a chain  of  islands,  across  which  the  birds,  now 
knowing  their  way,  flew /from  island  to  island,  until 
later,  when  the  islands  had  sunk  quite  out  of  sight 
of  each  other,  the  habit  and  direction  of  migration 
had  become  thoroughly  established,  so  that  the 
birds  now  fly  straight  across  from  Africa  to  Italy, 
though  arriving  in  so  exhausted  a condition  that 
the  Italians  can  catch  them  in  great  numbers  by 
nets  erected  on  poles  along  the  shore.  At  least 
they  ca/tch  the  quails  in  that  way ; the  swallows 
they  probably  do  not  care  to  catcli. 

As  to  the  bear,  cold  produces  torpidity  and  a 
desire  to  sleep.  Those  bears,  then,  that  as  winter 
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came  on  got  sleepy  soonest  and  retired  to  their 
lairs,  slept  longest  and  soundest,  awoke  less  fre- 
quently, and  had  accumulated  most  fat  in  the 
autumn  to  sustain  themselves  in  their  long  sleep, 
would  alone  survive  to  perpetuate  their  capacity 
for  autumn  fattening  and  winiter  sleep.  Of  course, 
the  first  bears  did  not  sleep  all  through  the  winter, 
but  those  that  slept  longest  could  survive  best, 
and  could  also  range  farthest  north.  It  was  only 
as  the  bear  gradually  acquired  this  habit  of  hiberna- 
tion that  it  could  reach,  and  exist  in,  such  regions  as 
Norway  and  North  Russia,  and  so  those  regions 
only  gradually  became  inhabited  by  bears. 

Some  species  of  animals  acquired  habits  so 
wionderfully  intelligent  (to  all  appearance),  so 
dependent  on  concerted  action,  division  of  labour, 
and  co-operation  for  a determined  purpose,  so  like, 
in  short,  the  actions  of  human  beings  in  a highly 
civilised  society,  that  it  seems  difficult  to  believe 
they  are  not  the  result  of  foresight,  calculation,  and 
invention,  but  only  of  Natural  Selection  acting 
upon  chance  variations  of  habit  without  any 
conscious  knowledge  or  design  on  the  part  of  the 
animal. 

The  Australian  brush  turkey,  for  example,  makes 
a great  mound  of  leaves  and  other  vegetable  matter 
and  lays  its  eggs  therein  to  be  hatched  by  the 
natural  heat  of  the  decomposing  mass,  and  (it  is 
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said)  visits  the  neat  from  time  to  time  to  note  and 
regulate  the  temperature.  The  tailor-bird  makes 
its  nest  of  leaves,  which  it  sews  together  with 
thread  consisting  of  vegetable  fibre,  using  its  bill 
as  a needle.  The  beaver  fells  trees,  gnaws  them 
into  lengths,  and  transports  them  to  build  a dam, 
plastering  the  interstices  with  mud. 

But  that  these  are,  after  all,  but  blind  instincts, 
appears  from  the  fact  that  these  animals  go  on 
doing  these  things  under  circumstances  when  they 
can  no  longer  be  any  use.  A tame  beaver,  for 
instance,  kept  in  a house,  commenced  collecting 
chairs,  hearth-brooms,  and  other  articles,  and  set 
to  work  to  make  a dam  with  them  in  the  house. 

Amongst  insects  we  find  habits  more  wonderful 
and  human-like  still,  especially  among  the  ants. 
Most  of  them  construct  large  halbtttations,  which  are 
not  mere  dwellings  for  a family,  but  cities,  as  it  were, 
for  a community,  with  galleries  and  store-houses. 
Some,  again,  are  regular  slave  hunters,  attacking 
the  nests  of  other  species  and  carrying  off  the  pupae 
(the  young),  whom  they  retain  in  slavery  to  collect 
food,  feed  the  young  of  the  slave  owners,  repair 
the  dwelling,  and  in  short  do  all  the  work;  and 
so  ingrained  has  this  habit  become  that  the  slave 
owners  have  lost  the  instinct  and  the  power  of 
work,  remaining  a purely  military  caste  for  slave 
hunting  and  defence,  and  would  die  if  deprived  of 
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their  slaves.  The  slaves,  no  doubt,  are  just  as  con- 
tented as  if  they  were  free,  seeing  that  they  work 
from  a blind  instinct  to  work^  and  are  never 
troubled  with  consideration  as  to  whom  they  are 
working  for ; while  some  insects  not  only  construct 
elaborate  dwellings,  but  actually  manufacture  the 
material,  the  wasps  making  paper  and  the  bees  wax. 

It  is  to  be  noticed  that  when  an  animal  acquires 
a habit  (or  peculiarity  of  any  sort,  form,  colour,  &c.) 
fitting  it  to  hold  its  own  more  successfully  in  some 
particular  kind  of  environment  (as  in  the  woods, 
the  rocks,  the  deserts,  &c.),  that  very  fact  tends  to 
make  it  seek  all  the  more  that  particular  kind  of 
environment.  When  the  grouse,  differentiating 
from  the  partridge  of  the  plain  as  it  got  among  the 
heather-covered  hills,  began  to  assimilate  in  colour 
to  the  heather^  it  also  took — had  to  take — all  the 
more  to  keeping  to  the  heather,  so  that  the 
assimilation  of  colour  and  selection  of  locality  pro- 
ceeded together ; and  this  helped  the  more  rapidly 
to  differentiate  the  two  species,  especially  as  the 
partridge  for  similar  reasons  had  to  keep  out  of 
the  heather. 

So  when  the  ancestor  of  the  ferret  tribe  obtained 
its  prey  partly  by  pursuing  it  into  holes,  partly  by 
pouncing  upon  it  when  asleep  above  ground,  partly 
by  following  it  by  scent  and  running  it  down,  any 
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variation  towards  shortness  of  leg  and  flexibility 
of  body  would  not  only  give  its  possessor  an  advan- 
tage in  pursuing  its  prey  into  holes,  but  it  would 
also  tend  to  make  it  keep  more  to  the  situation 
where  rats,  rabbits,  and  other  hole- inhabiting 
creatures  lived,  and  less  to  the  places  where  other 
prey  dwelt  that  did  not  go  into  holes.  The  habit 
would  develop  the  form  and  the  form  react  on  the 
habit ; both  would  tend  to  restrict  the  animal  to 
the  situation  (where  hole-inhabiting  prey  abounded), 
and  the  situation  would  intensify  the  habit  till  all 
were  completely  in  accord,  and  the  existing  type  of 
ferret  was  established.  And  so  in  all  other  cases. 
Natural  Selection  seized  upon  favourable  variation, 
and  favourable  variation  of  structure  caused  the 
animal  to  frequent  the  particular  situation  and 
adopt  the  special  habits  suited  to  that  variation. 


FLIGHT. 


No  better  example  of  the  law  of  Economy  of 
Structure  leading  to  reduction  and  elimination  by 
disuse  of  members  or  powers  that  have  ceased  to 
be  worth  their  cost  can  be  found  than  in  the 
different  powers  and  styles  of  flight  of  different 
birds. 

The  albatross  and  condor  have  to  pass  practically 
their  whole  lives  on  the  wing,  hence  they  have  a 
large  extent  of  wing  surface  on  which  they  can 
slide  along  the  air  with  little  or  no  effort.  But 
the  albatross,  having  to  pass  over  hundreds  of  miles 
in  a day  in  search  of  his  food,  has  to  give  every 
now  and  then  two  or  three  heavy  flaps  for  pro- 
pulsion ; while  the  condor,  having  simply  to  ascend 
in  a spiral  and  then  remain  suspended  on  the  watch 
over  'the  same  area  all  day,  never  flaps  his  wings 
once,  beyond  the  few  preliminary  flaps  to  raise  him 
from  the  ground,  but  simply  floats  like  a kite, 
slightly  varying  the  angle  of  his  wing  to  catch 
the  passing  currents  of  air.  Nature  in  these  two 
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cases  is  lavish  of  material  and  muscular  power,  but 
economic  of  nervous  power. 

MUSCULAR  AND  NERVOUS  FORCE. 

The  difference  between  these  two  kinds  of  force 
is  much  the  same  as  the  difference  in  a steam  crane 
between  the  passive  cohesive  strength  of  the  chain 
and  the  active  lifting  strength  of  the  steam  in  the 
boiler.  The  greater  the  strength  of  the  chain,  the 
greater  the  weight  that  can  be  lifted,  provided  the 
steam  power  applied  be  sufficient ; and  the  greater 
the  force  of  the  steam  jet  the  greater  the  weight 
that  can  be  lifted,  provided  the  chain  be  strong 
enough.  In  a machine  the  two  powers  must  be 
balanced,  but  in  an  animal  they  need  not.  Some- 
times the  strength  of  an  animal  is  chiefly  muscular, 
sometimes  nervous. 

Many  a person  has  had  his  constitution  ruined 
by  not  understanding  the  difference  between  these 
two  kinds  of  strength. 

Every  weight  lifted  puts  so  much  strain  upon 
the  chain  (or  the  muscle)  employed,  and  also  uses 
up  so  much  of  the  steam  (or  the  nervous  energy), 
that  is,  the  moving  power ; and  both  the  wear  and 
tear  of  material  in  the  one  case  and  the  expenditure 
of  energy  in  the  other  must  be  made  up,  if  action 
is  to  continue.  In  the  machine,  the  force  expended 
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can  be  renewed  by  keeping  up  the  hre,  but  the 
wear  and  tear  of  the  chain  cannot  be  made  up ; 
the  chain  when  worn  out  must  be  replaced  by  a 
new  one.  But  in  the  animal  it  is  rather  the  other 
way ; injuries  of  all  kinds  can  be  repaired  if  not  too 
great.  The  food  eaten  not  only  supplies  fresh  fuel 
to  the  animal  furnace  and  so  renews  the  nervous 
energy,  but  it  also  repairs  the  wear  and  tear  of 
tissue  in  the  muscle,  and  so  renews  the  muscular 
power.  Over-expenditure  of  muscular  power  (that 

is,  excessive  wear  and  tear  of  muscular  tissue  by 
over-exertion)  soon  makes  itself  felt  in  fatigue  and 
aching  limibs,  but  over-expenditure  of  nervous 
energy  does  not  betray  itself  at  the  time ; its  con- 
sequences are  unfelt,  accumulate,  and  only  show 
themselves  afterwards,  when  the  mischief  is  done. 
A tyro  in  cycling,  for  instance,  struggles  hard  to 
get  to  the  top  of  a hill,  and  arrives  exhausted  ; 
but  the  feeling  of  exhaustion  passes  away,  to  his 
surprise,  in  a minute  or  two,  and  he  thinks  he  is 
none  the  worse,  and  so  proceeds  to  struggle  up 
another  hill.  But  the  fact  is  that  the  expenditure 
of  muscular  power — the  wear  and  tear  of  tissue — 
has  not  been  very  great,  but  the  expenditure  of 
nervous  energy  has,  only  the  cyclist  does  not  realise 

it,  because  that  kind  of  loss  makes  little  sign — 
at  the  moment.  His  wear  and  tear  of  muscle  is 
soon  repaired ; almost  any  amount  of  loss  of  that 
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kind  can  be  made  up,  so  long  as  no  organ  be 
ruptured  or  strained ; but  nervous  energy  when 
used  up  beyond  a certain  point  is  a permanent  loss. 
I cannot  explain  why.  The  loser,  if  a young  man, 
never  henceforth  arrives  at  full  vigour  of  manhood  ; 
if  an  elderly  man  already,  he  is  perhaps  ten  years 
older  in  effect  from  that  day. 

Now  some  birds  fly  chiefly  by  muscular,  some 
by  nervous  power,  according  to  their  requirements. 

The  condor  and  albatross,  as  stated,  rather  slide 
along  the  air  than  fly;  they  depend  on  their  vast 
expanse  of  sustaining  wing  and  the  muscular  power 
that  keeps  the  wing  extended,  but  there  is  hardly 
any  expenditure  of  nervous  energy. 

The  partridge,  on  the  other  hand,  having  only 
to  take  short  flights  occasionally,  living  chiefly  on 
the  ground,  wants  no  great  expanse  of  wing — ^which 
would  only  be  cumbersome  to  it — 'but  short  broad 
wings,  which  can  easily  be  folded  up  and  tucked 
away ; but  to  make  up  for  that  it  expends  tre- 
mendous energy  when  it  does  fly.  So  rapid  are  its 
beats  that  the  ear  cannot  distinguish  between  them ; 
the  sound  is  a whirr.  Such  an  expenditure  of 
energy  could  not  be  long  kept  up  ; but  the  partridge 
does  not  want  to  keep  it  up  long ; it  only  wants 
to  escape  from  the  dog  and  fly  into  the  next  field 
and  hide,  consequently  this  does  not  matter.  The 
Tasmanian  ground  thrush,  again,  has  less  power 
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of  flight  still.  It  lives  among  the  tangled  chaos  of 
fallen  timber  and  scrub,  feeding  on  the  insects 
in  the  decayed  wood,  and  never  wanders  far ; there- 
fore it  never  wants  to  fly  except  when  some  prowl- 
ing native  cat  or  other  foe  has  wormed  itself  after 
it  into  the  tangle;  then  the  bird  takes  a short 
flutter  into  the  next  thicket.  One  or  two  such 
short  flutters  are  all  it  can  take  and  all  it  wants  to 
take. 

So  we  see  that  every  bird  has  exactly  the  amount 
and  kind  of  flight  that  it  wants,  and  not  a scrap 
more ; muscular  power  being  wanted  here,  nervous 
power  there.  The  albatross  could  not  continue 
flapping  its  wings  like  the  partridge  if  it  wanted 
to,  without  speedy  exhaustion;  nor  could  the  par- 
tridge  fly  like  the  albatros's  for  miles  and  miles ; 
nor  the  ground  thrush  take  such  a flight  even  as 
the  partridge  does.  To  have  the  structure  (or 
nervous  energy,  as  the  case  may  be)  to  do  more 
than  was  required  would  only  be  a waste  in  Nature's 
eyes,  so  she  withholds  any  such  excess.  She  gives 
each  bird  just  so  much  structure  or  power  as  is 
wanted  on  an  average,  for  ordinary  use,  but  not  to 
meet  great  and  rare  emergencies.  Consequently, 
when  such  an  emergency  arises,  the  bird  has  not 
enough  for  the  occasion,  and  dies  the  death.  But 
this  does  not  matter,  for,  as  we  have  seen,  a certain 
number  of  birds  have  got  to  die  anyhow.  For  the 
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most  part  it  will  be  the  unfit;  now  and  then  it 
will  be  the  fit ; but  it  is  better  so  than  to  provide 
each  bird  with  structure  and  energy  sufficient  to 
meet  an  emergency  that  will  not  happen  once  in 
a hundred  cases. 

The  swallow,  on  the  wing  all  day  and  darting 
'hither  and  thither  after  the  insects  on  which  it 
feeds,  requires  both  muscular  and  nervous  power, 
and  in  consequence  a great  amount  of  food  to  keep 
up  both.  It  is  said  that  a swallow  will  eat  many 
times  its  own  weight  of  grubs  or  insects  in  a 
day. 

The  ostrich  has  completely  lost  its  power  of 
flight ; not,  as  some  imagine,  because  it  is  too  large 
to  fly ; for  increased  size  would  merely  require 
proportionately  increased  size  and  power  of  wing ; 
and,  in  fact,  the  largest  flying  birds  (as  the  albatross 
and  condor)  are  precisely  those  that  fly  with  great- 
est ease  and  continue  longest  on  the  wing.  The 
ostrich  has  lost  its  power  of  flight  simply  because 
flight  was  no  longer  necessary,  and  the  wing  power 
was  not  worth  keeping  up. 

For  why  should  it  want  to  fly?  It  feeds  on  grass, 
and  the  grass  is  all  around  it ; there  is  no  need  for 
flight  in  search  of  food.  It  is  of  great  stature,  and 
living  on  the  open  plain  can  see  an  enemy  approach- 
ing afar  off  and  escape.  It  is  so  fleet  of  foot  that 
no  beast  of  prey  can  overtake  it,  and  so  powerful 
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that  it  can  disable  even  a lion  with  a kick  if  it 
gets  a fair  blow  at  him ; so  there  is  no  need  of 
flying  to  escape  from  foes,  and  it  does  not  migrate 
to  distant  shores. 

Since  flying,  then,  is  extra  exertion,  the  ostrich 
will  no  more  fly  when  walking  or  running  serves 
its  purpose  than  a man  will  run  when  walking 
serves  his  purpose.  It  is  pretty  certain  then  that 
it  would  not  fly  if  it  could,  and  it  probably  ceased 
altogether  to  fly  long  before  it  lost  its  power  of 
flight ; and  the  economical  Nature  stepped  in  and 
began  to  reduce  the  size  of  its  wings  and  of  the 
flying  muscles. 

In  New  Zealand  there  are,  or  were  recently, 
several  species  of  birds  that  cannot  fly.  The  moa 
stood  fourteen  feet  high,  as  its  skeletons  testify; 
others,  still  living,  are  no  larger  than  the  barn-door 
hen,  showing  that  it  was  not  increasing  size  that 
prohibited  further  flight.  These  birds  lost  their 
power  of  flight  in  the  same  way  that  the  ostrich 
lost  his ; because  flight  had  become  unnecessary, 
and  had  ceased  to  be  practised: 

For  there  are  no  beasts  of  prey  in  New  Zealand 
for  them  to  fly  from,  and  living  in  dense  forests, 
no  hawk  could  get  at  them,  and  their  food  was  all 
about  them  in  the  forest.  These  birds  no  doubt 
ceased  to  fly  ages  before  the  ostrich  did ; so  long 
ago  that  Nature  has  had  time  not  only  to  reduce 
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their  wings  but  to  eliminate  them  altogether.  The>' 
are  absolutely  wingless. 

In  the  flying-fish  we  see  not  the  death  but  the 
birth  of  flight ; the  progressive  enlargement  of  a 
fin  till  it  is  capable  of  .being  used  as  a wing. 

Different  kinds  of  fish  live  at  different  depths. 
The  flying-fish  is  a surface  fish,  and  being  con- 
stantly pursued  by  the  dolphin  and  other  large 
fish,  it  often  had  to  spring  out  of  the  water  in  trying 
to  escape.  Those,  then,  that  could  take  the  longest 
leaps  cleanest  out  of  the  water,  were  on  the  whole 
those  that  survived.  Whether  those  that  could 
make  the  longest  spring  were  those  with  the  longest, 
broadest  fins,  on  which  (the  spring  being  once  taken) 
they  coiild  slide  a little  distance  through  the  air, 
or  those  that  by  flapping  their  fins  in  the  air  couldl 
prolong  the  spring,  is  a matter  that  Natural  Selec- 
tion alone  could  decide,  and  it  apparently  decided 
for  a combination  of  both.  Thus  by  constant 
selection  of  those  that  by  whatever  means  could 
proilong  their  spring  out  of  water  furthest — those 
especially  with  longest,  broadest,  pectoral  fins  and 
strongest  flapping  muscles,  the  leap  of  a few  feet 
was  gradually  lengthened  into  the  flight  of  many 
yards,  and  the  flying-fish  was  evolved. 

But  why  has  the  evolution  not  been  carried 
further?  Why  has  not  the  fish,  in  the  course  of 
long  ages,  become  able  to  rise  high  into  the  air 
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and  continue  its  flight  for  long  distances  like  a 
bird? 

Because  it  has  foes  in  the  air  as  formidable  as 
in  the  sea.  The  sea-^bird  is  as  ready  to  swoop  down 
upon  it  from  above  as  the  dolphin  to  spring  up  at 
it  from  below.  What  it  wants  is  to  escape  both 
foes,  and  as  it  could  be  seen  further  in  the  air  by 
the  bird  than  in  the  water  by  the  dolphin,  and  is 
constructed  in  all  respects  for  the  water  rather  than 
for  the  air,  the  kind  of  flight  of  most  service  to  it 
will  be  one  that  will  carry  it  clear  away  from  the 
dolphin  and  no  more,  dropping  into  its  native 
element  again  as  soon  as  possible  before  the  bird 
can  catch  it.  Any  higher  or  prolonged  flight,  then, 
would  only  have  exposed  the  fish  to  greater  dangers 
as  well  as  more  inconvenience ; therefore  its  powers 
of  flight  have  stopped  at  the  existing  point.  Had 
the  flying-fish  no  foes  in  the  air,  but  only  in  the 
water,  and  were  it  able  to  find  its  food  as  well  by 
sailing  over  the  sea  as  by  swimming  through  it,  the 
same  process  that  converted  the  spring  of  a few 
feet  into  the  flight  of  many  yards  would  have  pro- 
longed the  yards  into  miles,  the  breathing  apparatus 
would  have  become  adapted  for  breathing  free  air 
(as  one  or  two  kinds  alneady  have),  and  the  fish 
would,  practically,  have  been  developed  into  a bird. 

The  first  flying  creature  (as  geology  seems  to 
declare)  was  the  pterodactyl,  which,  though  not 
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a fish,  was  apparently  a marine  saurian  lizard-like 
creature,  with  a head  like  a crocodile  and  wings 
like  a bat;  but  the  connecting  links  between  it 
and  the  non-flying  saurians,  or  the  fish,  have  not 
been  discovered.  Still,  it  is  very  significant  that 
the  first  flying  creature  of  which  we  have  any 
evidence,  so  far,  was  originally  a marine  creature. 


INTELLIGENCE. 


Intelligence  to  some  extent  every  living 
creature  must  possess  in  order  to  supply  its  wants ; 
but  the  degree  of  its  intelligence  depends  on  the 
amount  required.  It  is  much  more  wanted  for 
some  animals  than  for  others,  and  none  have  more 
than  they  absolutely  require ; and  if  their  environ- 
ment undergoes  such  a change  that  less  is  required, 
it  invariably  begins  to  decrease.  Because  every 
fresh  organ  and  every  increase  of  size  or  of  com- 
plexity in  the  organ  implies  so  much  more  structure 
to  build  up,  and  so  much  more  expenditure  of 
force  to  exercise ; and  though  we  might  imagine 
that  a slight  increase  of  size  or  improvement  of 
quality  in  the  brain  and  in  the  sensor  nerves  that 
convey  those  impressions  to  the  brain,  which  are 
the  mind’s  food,  so  to  speak,  and  in  the  motor 
nerves  that  convey  the  orders  of  the  brain  to  the 
different  members,  would  make  a quite  inappre- 
ciable addition  to  the  quantity  of  food  required, 
at  any  rate,  in  proportion  to  the  gain ; still,  in  the 
struggle  for  existence  every  function  counits,  and 
the  cost  of  maintaining  the  brain  and  nervous 
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structure  required  for  even  a small  increase  of 
intelligence  is  more  than  we  would  suppose,  as 
is  shown  by  the  fact  that  no  species  has  more 
intelligence  than  its  eiwironment  requires,  although 
all  animals  differ  by  accidental  variation  as  much 
in  intelligence  as  they  do  in  form,  size,  or  colour ; 
and  if  the  gain  had  been  worth  the  cost,  Nature 
would  have  “ selected  ” and  perpetuated  every  such 
improvement,  till  all  animals  had  become  much 
more  intelligent  than,  in  fact,  they  are. 

A glance  at  a few  examples  will  show  what 
different  degrees  of  intelligence  are  required  for 
different  situations,  and  therefore  why  different 
species  vary  so  much  in  that  respect. 

A fish  (and  fishes  are  very  low  down  in  the 
scale  of  intelligence)  has  practically  only  two 
actions  to  perform — to  swim  and  to  eat.  For  the 
first  it  has  merely  to  wave  its  tail  as  a propeller, 
and  for  the  second  to  snap  its  jaws  and  swallow. 
The  stupidest  fish  could  perform  these  two  classes 
of  action  as  well  as  the  cleverest.  But  not  only 
has  the  fish  so  few  actions  to  perform,  it  has  also, 
as  a necessary  consequence  (or  preliminary), 
correspondingly  few  and  simple  members  to  per- 
form them  with ; and  it  is  a good  general  rule  that 
the  more  varied  and  complex  an  animal’s  members 
and  motions  are,  the  higher  is  the  degree  of  in- 
telligence required,  and  therefore  possessed,  to 
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direct  those  motions.  An  animal  that  could  fly, 
climb,  walk,  and  swim,  would  require  a greater 
number  of  members,  and  have  to  perform  a greater 
variety  of  motions,  than  one  that  had  only  one  or 
'two  ctf  these  accomplishments,  and  would  require, 
and  therefore  possess,  a higher  degree  of  intelli- 
gence. 

The  elephant  is  one  of  the  most  intelligent  of 
animals,  and  this  is  due  chiefly  to  its  possession 
of  a trunk.  For  though  the  trunk  is  the  only 
special  member  ilt  possesses,  which  other  animals 
do  not  possess,  it  is  one  more,  at  any  rate,  and  what 
is  of  more  importance  still,  it  is,  though  a simple 
enough  thing  to  look  at,  one  of  the  most  complex 
and  wonderful  organs  in  existence.  It  combines 
great  strength  with  extraordinary  fineness  of  per- 
ception and  delicacy  of  touch.  With  its  trunk  it 
can  either  gently  pluck  an  orange  or  it  can  tear  up 
the  orange-tree.  It  can  kill  a man  with  a blow, 
or  lift  a child  up  and  place  him  on  its  back ; it 
can  test  whether  a bridge  is  strong  enough  to  bear 
it,  or  it  can  pick  up  a pin ; it  can  suck  up  water, 
and  either  pour  it  down  its  throaCt  or  squirt  it 
over  its  back  to  cool  itself;  it  can  distinguish 
between  what  is  good  to  eat  and  what  is  not  An 
instrument  of  such  wonderful  variety  and  adapta- 
bility of  use  would  be  of  no  use  to  its  possessor 
without  a considerable  degree  of  intelligence  to 
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use  it.  Indeed,  the  adaptability  of  the  instrument 
and  the  intelligence  to  use  it  must  have  been 
developed  together  at  the  same  rate,  for  either 
would  be  of  little  use  without  the  other.  Every 
accidental  variation  towards  improvement  of  either 
would  tend  to  bring  about  improvement  of  the 
other.  Every  possible  fresh  use  for  which  the 
instrument  became  fit  would  open  the  door  for  an 
improvement  in  the  intelligence  to  put  it  to  that 
new  use ; and  every  improvement  in  the  intelligence 
would  stimulate  the  animal  to  find  out  new  ways 
•of  using  it,  and  having  found  out  how  to  use  it 
in  some  new  way,  however  imperfectly,  Natural 
Selection,  seizing  on  accidental  variation,  would 
•develop  the  new  use. 

The  monkey  is  said  by  naturalists  to  be  the 
most  intelligent  of  all  the  lower  creation,  and  this 
is  attributed  to  its  possession  of  a hand,  which  is 
to  it  much  what  the  elephant’s  trunk  is  to  the 
■elephant.  It  is  a sort  of  maid  of  all  work,  capable 
of  doing  almost  anything.  By  aid  of  its  hand  the 
monkey  can  hang  from  a bough,  swing  itself  from 
ene  bough  to  another,  run  on  all  fours  on  the 
■ground,  or  climb  the  trees ; it  can  gather  a banana 
and  peel  off  the  rind,  or  hammer  a nut  on  a stone  to 
break  the  shell ; and,  as  with  the  elephant’s  trunk, 
the  possession  of  so  complex  and  useful  a member 
tended  to  develop  the  intelligence  required  for 
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its  use,  and  the  developing  intelligence  in  its  turn 
tended  to  develop  further  uses  in  the  instrument ; 
and  so,  as  all  through  Nature,  the  cause  and  the 
effect  acted  and  reacted  on  each  other. 

As  examples  of  the  monkey’s  intelligence  I give 
two  cases. 

A tame  monkey  playing  with  a hearth-broom 
found  it  came  unscrewed  and  so  fell  into  two  pieces. 
Surprised  at  this  (for  he  had  apparently  intelligence 
enough  to  see  that  the  thing  had  not  broken)  he 
tried  to  put  the  two  pieces  together  again,  and 
after  a long  time  and  much  perseverance  discovered 
that  one  had  to  be  screwed  into  the  other,  and  he 
screwed  them  together ; but  having  solved  this 
problem  he  dropped  the  broom  and  took  no  further 
interest  in  it.  He  had  not  intelligence  enough  to 
try  to  put  the  broom  to  some  use,  but  he  had 
enough  to  try  to  hnd  out  its  construction. 
But  this  mere  intelligent  curiosity — the  desire 
for  knowledge  for  its  own  sake — ^was  really 
the  higher  order  of  intelligence  of  the  two, 
and  I never  heard  of  any  other  animal  showing 
anything  of  the  sort.  For  the  curiosity  that  impels 
many  animals  to  approach  and  examine  a strange 
object,  and  by  which  they  are  often  lured  to  their 
destruction,  seems  merely  the  instinctive  desire  to 
see  whether  the  strange  thing  is  dangerous  or  - eat- 
able ; there  is  never  the  least  indication  of  any 
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desire  to  become  acquainted  with  its  construc- 
tion. 

Again,  Professor  Romanes  tried  to  ascertain  how 
high  was  the  intelligence  of  Sally,  the  orang-outang 
at  the  Zoo,  and  whether  it  could  be  further  developed 
by  training;  and  he  chose  arithmetic  for  his  test 
He  taught  her  to  pick  up  one  straw,  two  straws, 
three,  and  so  on ; and  he  found  he  could  train  her 
to  pick  up  the  correct  number  as  far  as  five. 
Beyond  that  he  could  not  get  her  to  go ; not 
apparently  from  inability  to  go  further,  but  because 
as  the  number  was  increased,  so  did  her  annoyance 
and  impatience  increase,  till  she  refused  to  be 
troubled  any  further  with  what  appeared  to  her 
so  stupid  and  useless  an  exercise ; and,  most 
striking  fact  of  all,  on  one  occasion  when  she  held 
one  straw  in  her  hand,  and  he  told  her  to  get  him 
two,  instead  of  picking  up  another  she  simply 
doubled  up  the  one  in  her  hand  and  presented  him 
the  two  ends. 

The  rule,  however,  as  to  intelligence  being  pro- 
portioned to  number  and  complexity  of  members 
and  of  their  uses,  is  not  of  universal  application ; 
for  no  animal  is  more  intelligent  than  the  dog, 
which  has  no  greater  number  or  superior  com- 
plexity of  members  than  the  sheep,  which  is  not 
supposed  to  have  much  intelligence.  The  sheep, 
however,  has  not  been  tested  as  to  its  intelligence 
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as  the  dog  has,  so  we  do  not  know  but  that  it 
might  naturally  have  as  much  as  the  dog;  and, 
besides,  the  sheep  has  not  been  artificially  selected 
for  its  intelligence  for  countless  generations  as  has 
been  the  case  with  the  dog. 

To  return  to  the  less  intelligent  animals. 

The  condor,  floating  high  in  air  where  it  has  no 
foes  to  fear  and  avoid,  no  obstructions  to  overcome, 
nothing  to  do  but  float  lazily  on  outstretched 
pinions  and  watch  the  plain  below,  requires  hardly 
more  intelligence  than  the  fish.  Rising  much  on 
the  principle  of  a kite,  ascending  in  spiral  curves 
till  it  becomes  invisible  to  the  naked  eye,  and 
remaining  suspended  with  hardly  any  conscious 
effort,  it  simply  floats  there  till  it  sees  some  sick 
or  wounded  animal  falk  when  at  once  it  swoops 
down  upon  it ; another  condor  far  away  sees  this 
one  swoop,  knows  what  it  means,  and  hurries  after 
it ; another,  further  off  still,  sees  the  second  one 
start  off  and  follows  it,  until  from  all  quarters 
condors  come  hurrying  to  the  feast ; arrived  at  the 
carcase  they  have  nothing  to  do  but  tear  it  to 
pieces,  gorge  themselves,  rest  awhile,  and  then 
majestically  mount  into  the  air  again.  No  increase 
of  intelligence  would  enable  the  condor  to  do  any 
of  these  things  any  better,  and  as  these  are  all 
the  things  necessary  to  it,  its  intelligence  does  not 
increase,  but  has  probably  deteriorated.  What  may 
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help  to  show  us  how  remorselessly  Nature  restricts 
and  eliminates  every  ounce,  every  inch,  every 
member,  every  faculty  that  does  not  “ pay  ” — 
does  not  yield  full  advantage  for  its  cost  of  main- 
tenance, however  absurdly  small  that  cost  may 
seem  to  be — is  the  fact  that  the  condor  has  no 
scent,  though  it  has  the  nostrils  and  all  apparent 
outward  apparatus  for  smelling,  and  consequently 
must  have  had  the  sense  at  some  far-back 
period.  But  floating  high  in  air,  a mile  or 
two  up,  with  cross  currents  of  wind  between  it 
and  the  earth,  no  smells  could  reach  it  at  that 
elevation ; and  since  sight  directs  it  to  the  carcase, 
scent  is  not  required  even  when  the  condor  has 
descended ; so  the  sense,  having  ceased  to  be  of 
service,  has  been  eliminated.  The  organs  of  smell 
being  already  there,  and  their  volume  being  so 
small,  the  cost  of  maintaining  the  sense  would  seem 
to  us  so  absurdly  small,  as  not  to  be  worth  Nature’s 
while  to  eliminate  ; but  Nature,  so  to  speak,  “ thinks 
otherwise.”  Hence  we  may  perhaps  better  under- 
stand why,  since  she  so  ruthlessly  stamps  out 
entirely  the  faculty  of  scent,  she  will,  with  equal 
ruthlessness,  restrict  within  the  limits  of  absolute 
necessity  the  faculty  of  intelligence. 

It  is  only  from  the  actions  of  living  creatures 
that  we  can  infer  intelligence,  and  their  actions 
are  of  three  kinds  : — 
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1.  Automatic  or  mecTianical ; those  that  the 
creature  performs  continuously,  often  whether 
awake  or  asleep,  and  independent  of  the  will,  like 
breathing ; and  also  those  (called  reflex)  that  it 
performs  on  occasion  only,  under  some  stimulus, 
like  the  start  back  of  the  hand  from  contact  with 
a hot  kettle ; in  which  case  we  do  not  pull  back 
our  hand  by  deliberate  intent ; the  hand  starts  back 
of  itself  before  we  have  time  to  think  about  it. 
The  convulsions  of  an  animal  in  a fit  are  also  auto- 
matic. 

2.  Instinctive  actions,  or  those  that  the  creature 
performs  on  particular  occasions,  with  an  evident 
clear  notion  of  what  it  is  about,  and  often  showing 
much  ingenuity  in  doing  it,  but  doing  it  from  a 
mere  blind  impulse  to  do  it,  without  knowing  why 
it  does  it.  The  building  of  nests  by  birds,  and  of 
dams  by  beavers,  the  making  and  filling  of  honey- 
combs by  bees  are,  to  a certain  extent,  examples  of 
these,  and  so  are  the  annual  migrations  of  many 
animals. 

That  these  and  similar  actions  are  performed 
from  a mere  blind  impulse,  and  without  understand- 
ing proper,  appears  from  the  fact  that  they  go  on 
doing  them  all  the  same  at  the  regular  season, 
even  when  there  is  no  use  in  doing  them,  as  with 
the  tame  beaver  that  started  to  build  a dam  in  the 
house  with  chairs  and  hearth-brooms ; and  also  that 
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they  cease  to  do  them  when  some  change,  having 
nothing  to  do  with  the  matter,  occurs  in  their  sur- 
roundings to  put  them  out  and  puzzle  them,  though 
the  necessity  for  doing  them  remains  as  strong  as 
ever,  as  when  bees  cease  -to  build  and  fill  honey- 
combs when  they  lose  their  queen. 

But  we  must  be  careful  not  to  attribute  to  mere 
instinct  more  than  is  really  due  to  it.  We  are 
accustomed,  for  instance,  to  say  that  the  new-born 
chick  at  once  discovers  and  picks  up  its  food,  and 
that  the  duckling  seeks  the  water  by  pure  instinct. 
These  are  now  proved  to  be  errors.  Instinct  merely 
prompts  the  chick  to  peck  at  any  small  object  that 
attracts  its  attention,  especially  bright  objects.  If 
the  thing  tastes  good  the  chick  swallows  it,  if  not 
it  drops  it.  It  thus  soon  learns  to  distinguish  what 
is  worth  picking  up  and  what  is  not.  The  duckling, 
again,  does  not  instinctively  seek  the  water;  but 
if  the  mother  takes  to  the  water  the  dtickling  follows 
it,  starts  swimming  at  once,  likes  it,  and  thence- 
forward takes  to  water  readily.  Those  complex 
actions,  then,  which  we  call  instinctive,  resolve 
themselves  largely  into  imitation,  experience,  and 
response  to  stimuli.  The  appearance  of  the  small 
object,  acting  on  the  chick’s  retina,  prompts  the 
reflex  act  of  pecking ; the  taste  prompts  the  reflex 
act  of  swallowing;  experience  teaches  it  to  dis- 
tinguish between  the  edible  and  the  inedible. 
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Imitation  prompts  it  to  follow  the  mother,  to  scratch 
the  ground,  and  so  on.  So  the  duckling  by  imita- 
tion follows  the  duck;  the  sensation  of  the  water 
stimulates  those  reflex  acts  of  kicking  which  con- 
stitute swimming,  and  experience  promptly  teaches 
it  to  distinguish  between  land  and  water. 

3-  Acts  of  conscious  intelligence,  wherein  the 
creature,  of  deliberate  intent,  proceeds  to  do  some 
unusual  thing,  not  from  mere  blind  impulse  to  do 
it,  but  because  the  occasion  seems  to  require  it, 
and  evidently  knowing  quite  well  not  only  what  it 
is  doing,  but  why  it  is  doing  it.  For  example, 
elephants  can  be  taught  to  stack  timber,  and  stack 
it  properly  so  that  it  will  not  fall ; retrievers  can 
be  taught  to  fetch  and  carry  and  guard  articles 
left  in  their  charge ; and  many  animals  can  be 
trained  to  do  things  useful  or  amusing  to  ourselves. 
But  teaching  is  not  necessary  to  call  forth  intelli- 
gence, only  to  direct  it  into  special  channels. 
Animals  often  perform  intelligent  actions  of  their 
own  accord.  Thus  horses  often  learn  to  open  gates 
in  order  to  get  into  forbidden  pastures ; and  I 
once  had  a little  dog  which  told  lies  as  distinctly 
as  if  it  could  speak.  Here  was  one  of  its  lies.  I 
had  also  another  dog,  a larger  one,  and  the  two 
dogs  used  to  go  out  together  to  hunt  rabbits ; 
but  the  large  dog  was  sometimes  lazy,  and  would 
not  go  when  the  little  one  asked  it  to  go.  And 
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the  little  one  did  distinctly  ask  it.  It  would  go 
up  to  the  'big  dog,  sit  down  opposite  it,  nose  to 
nose,  give  a distinctly  interrogative  short  bark,  and 
then  turn  away  down  the  road,  looking  back 
occasionally  to  see  if  the  big  dog  was  following. 
Finding  the  big  dog  would  not  follow,  it  returned, 
repeated  its  distinct  invitation,  and  again  set  off 
invitingly.  Finding  at  last  that  the  big  dog  did 
not  intend  to  go  it  set  off  by  itself,  and  stopping 
presently  opposite  a furze  bush  out  in  the  fields, 
began  barking  furiously  and  running  round  the 
furze  bush  exactly  as  if  there  was  a rabbit  there. 
The  big  dog,  recognising  the  true  hunting  bark, 
got  up  and  looked  down  the  road,  and  seeing  the 
little  dog  attacking  the  furze  bush,  cantered  off 
to  help.  Then  the  little  dog  wagged  his  tail,  and 
the  big  dog  being  fairly  started,  the  two  trotted 
off  together  for  a real  hunt. 

These  three  kinds  of  action  are  clearly  distinct, 
but  like  other  distinct  things  they  are  not  separated 
by  hard  and  fast  lines,  but  melt  into  each  other  at 
the  edges,  as  blue,  red,  and  yellow — the  three 
primary  colours — melt  into  each  other  through  vary- 
ing shades — orange,  green,  and  purple.  Thus 
though  breathing  and  the  reflex  start-back  from  the 
hot  kettle  are  purely  automatic,  yet  we  can  hold 
our  breath  for  a minute  or  two,  and  we  can  also, 
if  we  are  determined  enough  (or  stupid  enough). 
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keep  our  hand  against  the  hot  kettle  in  spite  of 
the  pain  and  of  the  automatic  impulse  to  pull  it 
back.  And  though  all  birds  of  the  same  species 
build  their  nests  on  the  same  pattern  and  with 
the  same  materials  (as  near  as  they  can  get  them), 
yet  they  will  on  occasion  alter  their  plan  and  find 
other  materials  at  a pinch,  and  show  an  intelligent 
adaptation  of  means  to  new  ends. 

But  in  so  far  as  intelligence  interferes  to  guide 
Instinct,  instinct  weakens,  sometimes  to  our  loss; 
for  in  many  cases  instinct  is  the  surer  guide  of  the 
two. 

Some  people  have  an  instinctive  knowledge  of 
arithmetic,  and  can  do  the  most  difficult  sums  in  a 
minute,  but  cannot  explain — do  not  seem  to  know 
— rhow  they  do  them.  Others  have  an  instinctive 
knowledge  of  time,  and  can  tell  the  hour  at  any 
time  of  day.  One  person  assures  me  he  can  tell  it 
even  if  he  wakes  in  the  night.  Others,  again,  have 
an  instinctive  knowledge  of  locality,  and  can  find 
their  way  through  the  trackless  bush  without 
difficulty  (so  far  as  mere  direction  goes).  It  is 
said  that  this  is  done  by  notice  of  landmarks.  But 
though  that  may  help,  and  such  people  do  probably 
notice  such  landmarks  half  unconsciously,  it  does 
not  nearly  explain  all  the  facts.  The  carrier  pigeon 
is  said  by  some  to  find  its  way  in  this  manner, 
and  you  must  take  your  bird  a few  miles  away 
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only  for  the  first  flights,  more  for  the  second, 
and  so  on  till  it  knows  its  way.  But  carrier 
pigeons  have  been  let  loose  at  sea,  out  of  sight 
of  land,  and  yet  have  quickly  found  their  way 
home. 

But  in  all  cases  of  instinctive  action,  if  you  try 
to  help  the  creature,  you  are  apt  to  puzzle  it  A 
man  may  have  done  a thing  so  often  that  it  has 
become  instinctive,  and  can  be  done  without  atten- 
tion or  thought,  as  in  reading  aloud,  or  playing  a 
tune  while  thinking  of  something  else.  You  may 
know  how  to  repeat  a poem  or  spell  a word  so  well 
that,  if  left  to  yourself,  you  are  sure  to  do  it  right ; 
but  if  someone  asks  you  how  to  spell  the  word, 
“ has  it  two  I’s  or  only  one,  or  is  it  spelt  with  an  a 
or  an  e,”  you  are  puzzled,  and  as  likely  as  not  will 
spell  it  wrongly.  I have  known  a man  who,  having 
to  readl  prayers  aloud,  when  he  came  to  conclude 
with  the  Lord’s  Prayer,  which  he  was  perfectly 
familiar  with,  but  w'hich  was  not  in  the  book,  being 
extra  careful  to  make  no  mistake,  lost  his  way  in 
the  middle  and  broke  down. 

Our  saying  that  “ Pradice  makes  perfect,”  merely 
expresses  the  fact  that  when  a thing  is  done  often 
enough  it  wears  a groove  in  the  mind,  so  to  speak, 
so  that  directly  that  action  begins  it  slips  into  the 
groove  and  follows  it  mechanically  as  a railway 
train  follows  the  rails. 
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The  advantage  of  instinct  over  reason  is  that  it 
is  thoroughly  reliable  within  its  own  narrow  com- 
pass. The  disadvantage  is  the  extreme  narrowness 
of  its  compass  and  the  difficulty  of  enlarging  it. 
Directly  you  begin  to  alter^  to  improve,  to  enlarge 
it,  you  “ put  it  out,”  and  it  breaks  down. 

In  what  consciousness  consists,  whence  it  comes, 
or  at  what  point  in  the  process  of  evolution  it  makes 
its  appearance,  we  cannot  tell.  But  just  as  in  the 
case  of  a man  discovered  on  a mountain  top,  though 
we  may  not  know  who  he  is,  or  whence  or  why  he 
came,  yet  we  may  learn  the  manner  of  his  coming. 
We  may  trace  his  footsteps  over  the  low  marshy 
level,  across  the  springy  turf,  on  through  the  wood, 
and  up  to  the  heights ; the  traces  being  lost  every 
here  and  there,  but  always  picked  up  afresh.  So 
though  we  know  not  what  consciousness  is,  nor 
why  or  whence  it  came,  still  we  can  trace  the  foot- 
steps of  its  coming,  from  the  lowest  levels  up ; 
but  better  still,  perhaps,  if  we  trace  them  backwards, 
from  the  top  to  the  bottom.  For,  as  said  before, 
it  is  from  actions — spontaneous  motions — only  that 
we  can  infer  intelligence  and  conscious  will;  and 
we  can  trace  the  signs  from  the  greatest  philosopher 
to  the  next  greatest,  and  so  down  through  im- 
perceptibly varying  shades  to  the  dullest,  most 
debased  savage,  even  to  the  absolute  idiot,  without 
a perceptible  break  anywhere.  Then  there  comes 
a break. 
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But  we  pick  up  the  trail  again  in  the  most  in- 
telligent elephant  or  dog ; and  the  break,  when 
we  come  to  look  into  it,  is  nothing  like  so  great  as 
we  are  accustomed  to  imagine  it. 

When  people  talk  about  the  impassable  gulf 
between  the  human  and  non-human  animal,  they 
are  mentally  comparing  a Shakespeare  or  a Newton 
with  a brute  beast.  It  is  as  if  we  placed  an  acorn 
beside  a full-grown  oak  and  said,  “ See,  there  is 
no  comparison — no  faintest  sign  of  any  connection 
between  the  two.”  But  lo'ok  away  from  both  of 
them.  Walk  through  the  wood  and  see  a half- 
buried  acorn  putting  forth  its  seed  leaf  ; see  another 
with  its  true  leaves  sprouting  and  the  seed  leaf 
dropping  off ; see  one  sapling  a foot  high,  another 
five  feet,  and  growing  oaks  of  all  ages  and  heights. 
You  will  not  see  them  growing  any  more  than  you 
will  see  the  hour  hand  of  the  clock  moving,  but  you 
will  see  beyond  possibility  of  doubt  that  they  do 
grow,  and  that  the  full-grown  oak  comes  from  the 
acorn. 

It  is  the  same  with  the  intelligent  conscious  will. 
Look  along  the  line  instead  of  comparing  the  two 
ends  only.  Take  not  the  highest  but  the  lowest 
man,  and  compare  him  with  not  the  lowest  but 
the  highest  beast  Take  the  stupidest  Fuegian, 
who  cannfot  grasp  an  abstract  idea,  cannot  count 
beyond  five  (which  the  chimpanzee  Sally  can),  who 
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seems  to  have  no  aspiration  beyond  getting  enough 
food  and  warmth  and  finding  a mate  ; or  the  village 
idiot,  who  cannot  deliver  the  simplest  message, 
cannot  be  made  to  keep  himsetf  decent,  and  yet  can 
eat  and  drink  and  dress,  and  go  about  taking  care 
of  himself  in  a way ; and  compare  either  of  these 
with  the  affectionate  dog,  who  watches  eagerly  to 
obey  his  master’s  slightest  wish,  and  starts  off  at 
a sign  to  bring  the  sheep  out  of  the  turnips,  or 
retrieve  a wounded  bird  without  further  hurting  it, 
and  can  be  taught  to  do  so  many  things ; or  with 
the  cunning  rat,  who  laughs  at  every  kind  of  trap, 
and  will  take  the  bait  without  touching  the  spring, 
or  touch  the  spring  first  and  then  take  the  bait. 

Is  there  so  great  a break  after  all?  Is  the  gulf 
impassable  either  in  imagination  or  in  fact? 

Anyhow,  whether  you  consider  the  break  immense 
or  slight  between  the  lowest  man  and  highest  brute, 
we  pick  the  trail  up  again  with  the  highest  brute, 
and  working  downwards  from  the  sagacious  dog  or 
clever  magpie,  through  imperceptibly  diminishing 
degrees  to  the  silly  wild  turkey,  that  being  tempted 
into  the  pen  by  grain  scattered  along  a dug  trench 
has  not  the  sense  to  go  out  again  by  the  way  it 
came  in,  but  runs  round  and  round,  trying  to  get  out 
through  the  fence  till  the  trapper  comes  and  wrings 
its  neck ; and  down  still  to  the  fish  that  only  swims 
and  snaps,  and  lower  still  to  the  sea-anemone  that 
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simply  opens  and  shuts,  and  shrinks  from  the  touch 
of  your  finger  as  the  sensitive  plant  does. 

And  here  we  have  got,  with  hardly  a break,  to 
ithe  vegetable  kingdom ; to  the  sensitive  plant  that 
shrinks  from  your  finger,  to  the  sun-dew  that  closes 
on  the  insect,  digests,  and  then  expels  it,  to  the 
flowers  that  open  to  the  light  and  close  to  the 
darkness.  And  going  further  still,  what  perceptible 
difference  is  there  to  the  globule  of  mercury  that 
shrinks  from  your  touch  as  the  sensitive  plant  and 
sea-anemone  do,  to  the  iron  filings  that  leap  to  the 
majgnet,  to  the  metal  bar  that  expands  and  con- 
tracts to  the  heat  and  cold  as  the  flowers  do  to  the 
light  and  darkness  and  the  sea-anemone  to  the 
water  and  the  air  ? 

And  if  it  is,  if  not  doubtful,  at  any  rate,  unprov- 
able  that  conscious  will  is  absent  in  the  iron,  it  is, 
on  the  other  hand,  not  only  unprovable,  but  doubt- 
ful whether  it  is  present  in  the  animal  as  the  cause 
of  the  action;  for  a dead  dog,  with  the  brain 
removed,  can,  under  the  galvanic  battery,  be  made 
to  kick  when  tickled  ; and  if  a centipede  be  cut 
into  pieces,  the  separate  pieces  will  walk  about, 
avoiding  obstacles  as  they  travel. 

We  have  thus  traced  spontaneous  action  down- 
wards from  the  top  to  the  bottom ; from  the 
speech  of  the  philosopher  to  the  feeble  movement 
of  the  sea-anemone,  at  any  rate,  if  not  lower. 


128  THE  ELEMENTS  OF  DARWINISM. 

Now  turn  and  look  up,  and  see,  as  it  were,  a 
ladder  reaching  up  into  the  heights— a ladder  with 
many  rungs  broken  and  missing,  and  (if  you  like) 
with  one  extra  large  gap,  but  still  an  unmistakable 
step-by-step  ladder.  Here  is  a type  of  the  whole 
process  of  Evolution. 


PART  III. 


PROOF. 

But  here  some  will  say,  “ This  is  all  very  pretty 
and  ingenious,  but  how  do  we  know  that  it  is 
true?” 

Well,  we  can  hardly  be  said  to  kitow  anything. 
There  exists  the  possibility  of  error  in  even  our 
most  assured  beliefs,  and  it  happens  every  now 
and  again  that  we  find  suddenly  that  some  belief 
which  we  considered  self-evident  is  all  wrong  and 
has  to  be  abandoned ; like  the  old  beliefs  that  the 
sun  travels  round  the  earth,  that  the  world  is  flat, 
and  so  on. 

But  the  facts  in  support  of  Evolution  are  so 
numerous,  so  significant,  come  from  so  many 
quarters,  and  accumulate  so  fast,  that  they  never 
fail  to  carry  conviction  in  the  end  to  anyone  who 
thoroughly  goes  into  them  and  seriously  considers 
them.  I give  the  chief  of  them  in  brief  outline. 
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We  see  that  the  professional  expert  can,  in  a few 
generations^ — that  is,  with  pigeons  in  a few  periods 
of  a year,  with  dogs  in  a few  periods  of  two  or 
three  years,  with  cattle  in  a few  periods  of  four  or 
five  years — produce  breeds  so  different  in  size,  form,, 
colour,  markings,  and  habits,  that,  if  found  so  in  a 
wild  state,  they  would  at  once  be  classed  as  distinct 
species ; only  that  the  differentiation  has  been  so 
recent  that  it  has  not  had  time  to  become  ingrained 
in  the  constitution,  so  that  they  will  interbreed 
freely,  which  distinct  species  hardly  ever  do  at  all ; 
never  freely.  Man,  in  short,  does  by  the  same 
methods  as  Nature,  only  differently  applied  and 
to  different  ends,  produce  in  a few  years  what 
Nature  would  take  centuries  to  accomplish,  if  it 
accomplished  it  at  all ; and  in  so  dtoing  proves  the 
truth  of  the  Darwinian  .theory.  For  there  is  no 
better  test  of  the  correctness  of  an  explanation 
than  to  produce  artificially  the  conditions  which  we 
suppose  in  Nature  to  produce  certain  results,  and 
to  note  whether  they  produce  the  results  expedted. 
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Take  the  many  breeds  of  pigeons — fantails,  pouters, 
tumblers,  carriers,  all  seleclted  and  “ bred  ” for  some 
merely  fanciful  purpose,  and  all  mere  variations  of 
the  original  “ Blue  Rock,”  as  is  proved  by  the  fact 
that  they  speedily  revert  to  that  type,  once  set 
free  from  artificial  surroundiings  land  allowed  to 
interbreed  freely.  So  with  our  different  breeds 
of  domestic  poultry — ibarn-doors,  bantams.  Cochins, 
Spanish,  &c.,  all  have  been  produced  by  selection 
from  the  wild  Indian  jungle  fowl.  Again  the  dogs 
— 'bloodhounds  and  greyhounds,  mastiffs  and  bull- 
dogs, terriers  and  spaniels,  poodles  and  turnspits, 
all  have  been  produced  by  variation  and  selection 
from  one,  or,  at  most,  two  or  three  species  of 
original  dog,  by  careful  pairing  and  isolation, 
just  as  we  claim  that  Nature  does,  though  in 
different  directions,  because  for  different  'purposes. 
It  is  just  as  if  a chemist,  wishing  to  show  how 
Nature  in  the  course  of  centuries  produced 
diamonds  in  the  mine,  produced  them  himself  in 
few  hours  in  the  laboratory. 

Then  why  has  not  Nature  in  the  long  past  pror 
duced  all  these  or  other  varieties  of  pigeons,  fowls, 
and  dogs  herself?  Simply  because,  to  use  a figure 
of  speech,  she  did  not  “want  to.”  It  would  not 
fit  in  with  her  general  plan.  Nature  “wants”  and 
therefore  selects  such  variations  only  as  are  useful 
to  the  s fecks ; such  as  make  it  “ fit  ” to  hold  its 
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own  in  the  struggle  for  existence ; and  she  has 
already  (having  had  all  time  to  do  it  in)  secured  by 
unremitting  Natural  Selection  in  each  locality  just 
that  type  that  best  suits  that  purpose ; and  having 
secured  it,  does  not  “ want  ” to  vary  it,  except  when 
some  change  in  the  environment  calls  for  variation 
in  the  species  to  meet  it.  But  man  selects  such 
variations  as  are  useful  (or  pleasing)  to  himself ; 
and  having  secured  what  he  wants,  guards  it  care- 
fully aga.inst  any  struggle  for  existence  by  pro- 
viding it  with  isufiicient  food  artificially  procured, 
sheltering  it  from  the  elements,  pro'tecting  it  from 
foes,  and  preventing  it  from  being  lost  by  inter- 
crossing. 

But  these  variations  which  man  selects  are  almost 
always  variations  which,  however  useful  or  pleasing 
to  himself,  would  severely  handicap  the  animal  in 
the  struggle  for  existence.  In  many  cases  we  can 
see  clearly  how  this  would  be.  The  dairy  cow,  for 
instance,  with  'her  great  heavy  udder  yielding  far 
more  milk  than  her  calf  requires,  and  swinging 
about  against  her  legs,  would  be  like  a man  in  a 
race  burdened  with  a heavy  bag  flopping  about 
against  his  legs.  The  dray  horse,  with  his  massive 
strength  fit  to  draw  a heavy  waggon,  would  find  no 
use  for  that  superabundant  massiveness  and 
strength  in  the  wild  state  where  he  had  no  heavy 
waggons  to  draw,  but  would  want  speed  much  more 
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than  power ; and  so  with  most  of  our  artificial 
breeds,  they  have  been  selected  for  artificial  con- 
ditions, and  are  only  fit  for  such  conditions. 

In  other  cases  we  may  not  see  clearly  why  our 
artificially  selected  breeds  could  not  hold  their  own 
in  the  woods  or  on  the  prairie.  We  may  not  see, 
for  instance,  why  fantail  and  carrier  pigeons  should 
not  hold  their  own  as  well  as  Blue  Rocks ; but  we 
can  see  that  for  some  unknown  reason  they  would 
not,  because  they  do  not  when  they  go  wild — they 
revert  to  Blue  Rocks. 

Whenever  in  free  Nature  some  change  of  environ- 
ment calls  for  a new  variety.  Nature  produces  it. 
There  are  in  the  wild  state  different  varieties  and 
species  of  pigeon,  fowl,  and  dog,  differing  in 
different  places  with  the  environment : blue  wood- 
pigeons  in  England,  bronzewings  in  Australia,  pas- 
senger pigeons  in  America,  and  so  on. 


THE  GEOLOGICAL  RECORD. 


The  crust  of  the  Earth  is  composed  of  materials 
which  have  been  broken  up,  ground  down,  and 
deposited  by  running  water  in  strata,  or  beds,  with 
here  and  there  the  primeval  rocks  from  which  they 
were  worn  off  thrusting  themselves  up  through 
them.  Xheie  are  also  beds  of  basalt  or  lava, 
the  products  of  volcanic  eruptions.  Each  such 
stratum  or  bed  is  called  by  geologists  a rock,  no 
matter  whether  it  is  hard  like  granite,  soft  like 
mud,  or  loose  like  sand.  They  are  of  v^ery  differ- 
ent thicknesses,  from  the  mere  film  left  by  the  last 
flood  to  the  chalk  bed  thousands  of  feet  thick,  and 
they  seldom  lie  perfectly  level,  but  are  broken  and 
tilted  up  at  all  kinds  of  angles  and  crumpled  into 
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missing,  they  know  that  D is  very  much  older  than 
A,  and  that  during  the  time  that  B and  C were 
being  laid  down  elsewhere,  the  land  in  this  particular 
place  was  at  that  time  above  water,  so  that  B and 
C could  not  be  laid  down. 

In  many  of  these  rocks  we  find  the  remains  of 
animals  and  plants  of  a bygone  age  fossilised,  that 
is,  turned  into  stone,  but  still  retaining  their  shape 
so  as  to  be  well  recognisable ; and  it  is  invariably 
found  in  such  cases  that  the  older  the  rock  the  more 
simple  and  primitive  is  the  type  of  life  revealed  by 
the  fossils;  the  lowest  forms  being  found  always 
to  be  marine,  for  life  appears  to  have  originated  in 
the  sea,  there  being  slowly  developed  into  higher 
forms,  then  passing  into  amphibious  animals, 
spreading  over  the  dry  land,  evolving  countless 
different  types  according  to  the  different  kinds  of 
environment  met  with. 

This  discovery  once  made  (that  of  the  gradual 
rise  of  life  from  lower  to  higher  forms)  has  enabled 
the  geologists  to  tell  the  relative  ages  of  the  differ- 
ent rocks  with  greater  accuracy  than  ever,  the  type 
of  fossil  discovered  being  now  one  of  the  chief 
means  of  identifying  the  relative  age  of  the  rocks. 

This  slow  rise  in  the  type  of  life  from  lower  to 
higher  forms  was  accounted  for  in  former  days, 
in’  fact,  less  than  a century  ago,  by  a succession 
of  special  creations  always  going  on,  even  up 
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to  the  present  day.  But  this  belief,  like 
the  belief  in  witchcraft  and  other  supernatural 
agencies  had  been  dying  out  even  before 
Darwin’s  day;  and  this  decay  of  belief  in  non- 
natural causes  (in  any  causes  not  reducible  to 
natural  law)  had  no  doubt  great  part  in  enabling 
Darwin’s  theory  notwithstanding  the  opposition, 
denunciation,  and  ridicule  it  had  to  encounter  when 
first  propounded,  to  establish  itself  so  thoroughly 
in  the  course  of  a single  generation  that  no  educated 
person  nowadays  thinks  of  disputing  it. 

Geology  confirms  Darwin’s  views  in  two  ways : 
first,  by  exhibiting  a gradual  evolution,  step  by 
step,  throughout  all  Nature  from  the  very  begin- 
ning , and  second,  by  enabling  us  to  trace  the 
relationship  between  different  existing  species  of 
quite  different  type  by  tracing  both  back  to  one 
common  ancestor. 


MORPHOLOGY. 


This  is  the  study  of  Forms;  that  is,  of  the  general 
form  or  type,  if  not  of  all  living  creatures,  at  any  rate, 
of  large  groups  of  them ; as  in  the  backbone  and 
ribs,  with  four  limbs  ending  in  hve  toes,  typical  of 
the  vertebrates ; the  construction  in  a string  or 
necklace  of  segments,  as  in  the  articulata  (centi- 
pedes, &c.) ; and  the  division  into  three  distinct 
sections — ^head,  thorax,  and  aibdomen  of  ithe  whole 
insect  tribe.  Also  in  the  comparison  of  form 
between  one  species  and  another,  noting  the  per- 
sistence of  the  general  plan  in  each,  but  the  differ- 
entiation of  the  parts  and  our  gradual  understanding 
of  how  they  came  to  differ.  For  example,  by  far 
the  greater  number  of  insects  have  four  wings  ; but 
some  species,  the  house-fly,  for  instance,  have  only 
two.  In  former  days  this  would  have  been 
accounted  for  off  hand!  by  saying  that  Providence 
for  some  unknown  but  sufficiently  good  reason  had 
created  some  insects  with  four  wings  and  some 
with  two  only,  the  four  wings  being  best  for  the 
one  and  two  only  for  the  other.  But  we  find  in 
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the  house-fly  that  besides  his  two  wings  with  which 
he  flies,  he  has  also  two  little  rudimentary  wings  of 
no  apparent  use.  What  is  the  explanation  of  this? 
The  Creative  theory  has  none  to  offer  ; but  Darwin’s 
theory  supplies  the  explanation  at  once.  The  house- 
fly had  originally  four  wings,  like  other  insects, 
but  some  change  of  environment  or  of  habit  led  to 
the  second  pair  of  wings  becoming  unnecessary,  so 
that  it  ceased  to  use  them,  and  consequently  they 
have  been  or  are  being  gradually  shrivelled  up 
and  eliminated  by  disuse.  Again,  the  Crustaceans 
(animals  of  the  crab  and  lobster  tribe)  have  not  all 
the  same  number  of  legs  or  the  same  number  of 
jaws.  Some  have  only  two  jaws,  some  four ; but 
whenever  a species  has  the  greater  number  of  jaws, 
it  has  exactly  the  less  number  of  legs.  That  is, 
certain  species,  using  their  front  pair  of  legs -to  stuff 
food  intO'  their  mouths  (as  we  use  our  hands),  have 
used  that  front  pair  of  legs  more  and  more  exclu- 
sively for  putting  food  into  their  mouths  and  break- 
ing it  up,  and  less  for  the  usual  locomotive  purpose  ; 
and  so  the  front  legs  have  by  variation  and  Natural 
Selection  become  shortened  and  altered  in  shape,  so 
as  to  be  more  and  more  useful  for  feeding  and  less 
for  walking  purposes,  the  animal  having  plenty  of 
legs  left  to  walk  with  (generally  eight  at  the  begin- 
ning), till  they  have  become  converted  into  an  extra 
pair  of  lateral  jaws. 


EMBRYOLOGY. 


Every  animal  shows  at  some  period  or  other  of 
its  existence  distinct  traces  of  its  descent ; not  in 
a continuous  chain,  but  in  broken  fragments.  These 
traces  generally  disappear  as  the  animal  grows  up. 
Some  of  them'  continue  till  it  has  nearly  reached* 
maturity;  some  disappear  earlier,  and  some  show 
only  in  the  unborn  embryo.  And  the  earlier  they 
disappear,  the  further  back  is  the  period  of  past 
existence  that  they  represent.  Thus  the  lion’s  cub 
is  spotted,  showing  that  not  a long  time  ago  (geologi- 
cally speaking)  it  lived  in  dense  woods,  where  its 
markings  afforded  concealment  by  assimilating  to 
the  play  of  lights  and  shadows  in  the  wood.  Now 
it  is  a dweller  in  the  desert  and  the  open  plain, 
and  its  spots  have  disappeared,  to  outward  seem- 
ing, but  the  photograph  reveals  them.  I have 
seen  the  photograph  of  a grown  lion  that  was  as 
distinctly  spotted  as  any  leopard,  but  the  animal 
itself,  I was  assured,  showed  no  spots. 

Some  animals  pass  through  distinct  stages  of 
existence — ^generally  three.  Thus  the  frog,  when 

first  hatched,  is  a tadpole — a true  fish  in  shape  and 


140  TRE  ELEMENTS  OF  DARWINISM. 

habits  ^breathing  only  under  water.  Later,  it  puts 
forth  two  legs,  then  two  more,  becoming  an 
aquatic  reptile.  Later  still  it  drops  its  tail,  and  hops 
ashore  a developed  frog,  able  to  live  on  land  and 
water  alike,  but  rarely  able  to  live  far  from  water. 
So  also  all  insects  pass  through  three  stages.  First 
a worm-like  creature,  a grub  or  caterpillar ; a grub 
having  either  no  legs  like  the  fly  maggot,  or  legs 
only  on  the  thorax  like  the  white  grass  grub  ; these 
turn  into  flies,  ants,  and  beetles.  Caterpillars  have 
.legs,  either  all  along  their  body,  or  at  both  ends, 
but  none  between;  these  latter  are  called  loop 
caterpillars,  because  they  progress  by  looping  their 
bodies  up,  and  so  bringing  their  hind-legs  up  to 
their  fore-legs,  then  standing  on  their  hind-legs 
and  extending  their  bodies  forward,  to  be  again 
looped.  Caterpillars  of  whichever  kind  turn  into 
moths  or  butterflies.  All  these  insects  show  by  the 
first  stage  of  their  existence  that  they  are  descended 
from  crawling,  worm-like  creatures.  The  first  of 
these  stages,  the  worm-like  creature,  is  called  the 
larval  stage;  the  creature  is  a larva.  In  its  final 
stage  it  is  called  an  imago.  Between  these  two 
stages  comes  the  pupa.  The  pupa  is  sometimes  a 
chrysalis — a mummy-like  form  without  motion,  or 
with  very  little — covered  with  a sort  of  shell ; some- 
times it  remains  soft  and  moves  about  a good  deal ; 
and  sometimes  it  is  almost  as  perfect  a creature,  as 
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freely  locomotive,  and  as  well  able  to  provide  for 
itself  in  every  way,  as  in  the  first  or  last  stages.  But 
in  almost  every  case  the  pupa  is  in  one  way  or 
another  a distinct  sort  of  creature  from  the  larva  or 
imago. 

The  mosquito  evidently  originated  from  the  water, 
being  hatched  from  eggs  laid  on  a floating  raft.  It 
is  hatched  head  downwards  in  the  water ; but  it 
can  breathe  only  in  the  air,  through  its  tail,  which 
it  every  now  and  then  protrudes  from  the  water 
for  that  purpose. 

But  it  is  in  the  unhatched  or  unborn  embryo 
that  the  traces  of  remote  ancestry  are  best  shown, 
though  these  traces  disappear  very  rapidly. 

In  their  very  earliest  stages  the  embryos  of  the 
dog,  bird,  lizard,  and  man  are  wonderfully  alike. 
Each  looks  much  like  a puppy  with  a blunt  head, 
four  legs  and  a tail,  and  with  the  gills  of  a fish 
(another  indication  thlat  all  life  originated  in  the  sea 
or,  at  any  rate,  in  the  water).  Von  Baer,  a great 
German  physiologist,  declares  that  once  having  for- 
gotten to  label  a certain  embryo,  he  could  not  after- 
wards tell  whether  it  was  that  of  a mammal,  a 
bird,  or  a reptile.  The  traces  of  gradual  develop- 
ment of  species,  then,  are  revealed  in  the  embryo 
of  the  existing  animal,  as  well  as  in  the  fossil 
remains  of  the  extinct  one.  Both  tell  the  same 
tale,  and  both  go  to  confirm  Darwin’s  view. 
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A RUDIMENTARY  organ  is  one  that  has  once  been 
useful  to  its  possessor,  but  under  altered  conditions 
has  ceased  to  be  of  use,  and  is  in  course  of  dis- 
appearance through  disuse.  The  devvclavv  of  the 
dog  is  one  of  these.  As  it  is  not  only  useless  tO' 
the  animal  but  an  actual  inconvenience,  being  so 
much  extra  material  to  build  up  and  an  extra 
liability  to  injury,  its  presence  there  is  inexplicable 
except  on  the  theory  of  Evolution.  That,  however,, 
makes  it  all  clear.  The  original  ancestral  dog  had 
five  toes,  but  four  being  found  sufficient  for  the 
dog  s purposes,  the  fifth  has,  so  to  speak,  retreated 
up  the  leg  and  become  smaller  and  smaller.  Given 
so  much  more  time  it  would  no  doubt  disappear 
altogether.  The  d asmanian  tiger,  a dog-like  animal, 
having  no  resemblance  to  a tiger  except  that  it  is 
carnivorous  and  has  a few  stripes,  has  five  toes. 
It  is  a marsupial,  that  is,  carries  its  young  in  a 
pouch  like  the  kangaroo,  as  indeed  all  strictly 
indigenous  Australian  beasts  do.  It  belongs  to  a 
type  that  was  common  once  all  the  world  over,  but 
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which  has  been  superseded  by  more  advanced 
forms  everyvdiere  except  in  Australia,  and  in  the 
one  singular  case  of  the  American  opossum. 

The  splint  bone  of  the  horse  is  a similar  example 
of  retrogression  carried  still  farther.  It  is  a splinter- 
like piece  of  bone,  half-way  up  the  shank  of  the 
leg,  and  as  useless  to  the  horse  as  the  dewclaw  is 
to  the  dog,  but  it  does  not  project  beyond  the  skin 
of  the  leg.  Like  the  dog’s  dewclaw,  it  is  a down- 
right inconvenience,  as  it  is  subject  to  a disease, 
called  like  the  bone  itself,  “ the  splint.”  But  geolo- 
gists have  discovered  an  ancestral  horse  that  had 
this  same  bone  lower  down  the  leg ; another  form, 
more  ancestral  still,  shows  the  bone  as  a third  toe ; 
another,  still  older,  shows  the  rudiment  of  a fourth 
toe,  and  so  back  to  one  that  had  the  original  five  toes 
complete.  Tracing  upwards  from  the  horse,  then, 
we  come  to  this,  the  ancestor  of  all  the  horse  tribe. 
But  from  this  ancestral  form  we  find  that  other 
species  descended,  gradually  differentiating  more 
and  more  till  we  come  at  the  end  of  one  of  these 
branches  to  the  tapir,  which  is  about  ,as  unlike  a 
horse  as  it  is  to  a cow,  and  is,  moreover,  almost 
amphibious,  passing  much  of  its  time  in  the  water, 
so  that  we  find  the  horse  and  the  tapir  to  be 
cousins,  a good  many  times  removed. 

Again,  ruminant  animals  (animals  that  chew  the 
cud,  like  the  ox,  sheep,  and  deer)  have  only  one 
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row  of  front  teeth,  and  that  in  the  lower  jaw.  But 
that  they  once  had  front  teeth  in  the  upper  jaw  too, 
is  shown  by  the  fact  that  the  rudiments  of  these 
teeth  remain  ; in  fact,  these  teeth  are  almost  .perfect, 
though  they  never  appear  through  the  gum. 

It  may  seem  surprising  that  the  fifth  toe  of  the 
dog  and  the  third  toe  of  the  horse  should  have  re- 
treated up  the  leg ; but  it  will  be  less  so  when  we 
remember  that  as  has  been  said  elsewhere,  all 
vertebrate  animals  are  in  thedr  structure  built  on 
the  same  original  plan  or  skeleton,  though  subse- 
quently varying  greatly  in  the  proportion  and  adap- 
tation of  the  various  parts ; and  if  we  compare  the 
dog* s or  horse’s  hind-leg  with  our  own  leg  we  shall 
see  that  the  dog  and  horse  walk  on  their  toes  only, 
while  we  walk  on  the  flat  of  the  foot.  The  horse’s 
“ hock,”  which  looks  like  a knee  bent  the  wrong 
way,  is  really  equivalent  to  our  heel ; its  real  knee 
being  clearly  discernible  close  up  under  its  body. 
The  bones  are  the  same  in  both  cases ; jointed  in 
the  same  way,  but  differently  proportioned  in  size, 
and  used  in  different  ways.  The  splint  bone,  then, 
or  third  toe  of  the  horse,  still  comes  out  of  that 
part  of  the  horse’s  anatomy  which  is  equivalent  to 
our  foot.  Most  mammals  walk  on  their  toes  in  this 
way  ; only  a few,  like  the  bears,  walking  on  the  flat 
of  the  foot  as  we  do,  and  these  are  called  Planti- 
grade. 
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There  are  many  other  examples  of  rudimentary 
memhers ; as  the  internal  eye  of  the  cave-fish,  which 
remains  under  the  skin,  and  has  lost  its  power  of 
sight.  Even  man  has  one  or  tw<o  such  rudimentary 
members,  the 
most  remark- 
able of  which 
is  the  os  coc- 
cyx, a little 
coll  ection  of 
vertebrae  that 
have  got  welded 
together,  pro- 
jecting beyond 
the  spine,  and 
showing  the 
last  vanishing  vestige  of  the  tail  which  our  ape-like 
ancestors  once  possessed. 

But  are  there  not  also  rudiments  representing 
new  members  “ intending  ” -to  be  useful  (so  to  speak) 
by-and-by,  and  coming  into  use  instead  of  old 
members  that  have  ceased  to  be  useful  and  are 
disappearing  by  disuse? 

Strictly  speaking.  No.  No  member  is  ever 
developed  “prospectively,”  that  is,  in  the  mere  ex- 
pectation of  being  of  use  by-and-by.  Every  differ- 
entiation in  any  direction  is  always  brought  about 
by  Natural  Selection  seizing  upon  some  variation 
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that  actually  is  of  use  because  it  is  of  use,  and 
goes  on  developing  further  just  in  so  far  as  it  shows 
itself  to  be  of  .use,  and  no  further. 

Still  there  are  some  organs  which  it  seems  diffi- 
cult to  account  for  as  having  arisen  in  this  way. 

That  wonderful  organ,  the  eye,  is  one  of  these, 
and  any  of  my  readers  who  wish  to  understand  how 
this  may  possibly  have  arisen,  should  consult 
Darwin’s  “Origin  of  Species,”  where,  in  Chapter 
VII.,  several  pages  are  devoted  to  the  discussion 
of  this  and  other  difficulties. 


WHY  ARE  THERE  SO 
FEW  CONNECTING  LINKS  BETWEEN 
DIFFERENT  SPECIES? 

But  if  all  existing  species  in  their  almost  infinite 
variety  have  been  produced  by  the  mere  seizure 
and  perpetuation,  step  by  step,  of  slight  accidental 
favourable  variations,  why  do  we  not  catch  species 
in  the  act  of  differentiating?  , Why  are.  all  the  types 
so  clearly  distinct  from  each  nther,  and  their  consti- 
tution so  different,  that  they  will  not  interbreed? 
Why,  in  short,  do  we  not  find  all  species  melting 
into  each  other  by’ imperceptible  degrees? 

First,  then,  we  do  in  a good  many  cases  “ catch 
them  in  the  act  of  differentiating.  Putting  aside 
the  domesticated  animals  amongst  which  we  see  the 
breeder  producing  all  kinds  of  varieties  in  wonder- 
fully short  time,  especially  as  amongst  his  dogs  and 
pigeons,  we  find  even  in  the  wild  state  species  in 
one  place  showing  marked  difference  even  from  the. 
same  species  in  other  places,  where  the  environment 
is  rather  different.  We  find  those,  say  in  the  hills, 
of  slighter  and  more  active  build  than  those  on  the 
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level ; lighter  or  darker  in  colour,  and  often  differ- 
ing  in  some  of  their  habits.  These  differences 
do  not  appear  indiscriminately  all  through  the 
species,  but  are  confined  to  particular  localities, 
sufficiently  marked  to  be  unmistakable  and  yet 
of  so  apparently  unimportant  a nature  that  we 
cannot  quite  class  them  as  distinct  varieties, 
especially  as  the  differentiation  has  been  so 
recent  that  it  has  not  yet  become  ingrained 
in  the  constitution ; so  that  if  these  differing 
individuals  are  brought  together  under  the  same 
conditions  their  differences  rapidly  disappear,  and 
all  revert  to  the  original  type,  and  meanwhile  they 
will  interbreed  freely.  Still  there  the  differences 
are,  clear  and  distinct,  and  these  differences  mark 
the  first  step  to  a new  species.  Thus  the  lions  in 
some  parts  of  Africa  are  different  in  size,  colour,  and 
some  of  their  habits  from  the  lions  in  other  parts. 
The  alligators  in  some  rivers  in  South  America  are 
very  dangerous ; in  others  one  may  go  amongst 
them  without  fear ; and  animals  introduced  into 
riew  environments  often  rapidly  change  their  habits, 
as  in  the  case  of  the  Australian  rabbit  and  New 
Zealand  Kea.  So  that  in  many  cases  we  do  see 
species  beginning  to  differentiate. 

But  secondly  (and  this  is  the  main  explanation), 
the  more  closely  allied  in  structure,  needs,  and 
habits  any  two  animals  are,  the  more  intense  is  the 
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struggle  for  existence  between  them;  so  that  the 
struggle  is  greatest  between  individuals  of  the  same 
species,  and  next  to  that,  between  the  species  which 
most  closely  resemble  each  other  in  their  needs 
and  habits. 

For  example — cattle,  roedeer,  pigs,  and  squirrels, 
could  all  dwell  together  in  the  same  forest  without 
crossing  each  other’s  interests  ; for  the  cattle  would 
graze  on  the  grass,  the  roedeer  would  browse  on  the 
twigs  and  young  shoots  of  trees,  the  pigs  would 
giiib  up  roots,  and  the  squirrels  live  on  the  nuts 
and  seeds  overhead.  Each  would  get  its  living  in 
a different  way,  and  none  of  their  needs  would  clash. 

But  now  suppose  sheep  to  be  introduced.  Sheep 
and  cattle  are  very  distinct  species,  but  they  have 
this  in  common,  that  both  live  upon  grass.  So  here 
is  a collision  of  interests  at  once.  Still  they  like 
different  kinds  of  grass.  The  sheep  likes  to  bite 
the  short  sweet  grass  that  has  grown  in  the  sunlight, 
say  in  the  open  glades  on  the  outskirts  of  the  wood. 
The  cattle,  on  the  other  hand,  like  the  long,  rank 
grasses  that  grow  in  the  swamps,  and  they  like  to 
twist  off  a great  mouthful  at  a time  with  their  long 
tongues.  Also  the  sheep  likes  a firm  dry  soil,  and 
gets  foot-rot  and  other  diseases  if  kept  on  marshy 
land,  while  cattle  revel  in  the  marshes.  The  result 
would  be  that  they  would  in  a measure  divide  the 
land  between  them.  The  sheep  would  keep  chiefly 
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to  the  dry  sunny  glades  and  the  cattle  to  the 
swamps  in  the  depths  of  the  wood.  For  all  that 
there  would  still  be  some  collision  of  interests. 
There  could  not  exist  in  the  same  woods  as  many 
cattle  as  if  there  were  no  sheep,  nor  as  many  sheep 
as  if  there  were  no  cattle;  for  if  there  were  no 
cattle,  the  sheep  would  stray  for  a few  hours  a day 
into  the  swamps  and  feed  on  the  coarser  grasses 
while  they  were  young  and  tender  and  sweet,  but 
the  cattle  will  keep  these  young  grasses  down.  On 
the  other  hand,  if  there  were  no  sheep,  the  cattle 
would  graze  over  the  open  glades  when  the  grass 
there  had  grown  long  (enough  for  them  to  twist 
it  off  in  big  mouthfuls,  but  the  sheep  will  keep  that 
grass  down  pretty  well,  so  that  each  will  in  some 
measure  interfere  w'ith  the  other  and  limit  its 
numbers ; and  if  there  are  no  different  kinds  of 
spots  in  the  wood  soi  that  they  can  divide  the  land 
between  them,  then  it  will  become  an  unconscious 
life  and  death  struggle  between  them.  The  sheep 
would  probably  win  if  it  was  a dry  wood,  because 
being  smaller  they  could  fill  themselves  sooner,  and 
also  because  they  bite  closer ; while  if  it  were  a wet 
wood  the  cattle  would  probaibly  win,  as  sheep  are 
fitted  only  for  a dry  environment.  Anyway,  there 
would  not  be  room  for  both,  and  whichever  was  the 
most  “ ht”  would  crowd  out  and  supersede  the 
other.  A similar  result  would  be  produced  if  goats 
were  introduced  to  compete  with  the  roedeer. 
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Wherever  one  species  appears  in  a district  in- 
habited by  another  species  allied  to  it  in  its  needs 
and  habits,  the  struggle  for  existence  at  once  begins 
between  them,  and  the  closer  the  resemblance 
'between  them  in  their  needs  and  habits,  the  more 
intense  will  the  struggle  be.  The  most  fit  will  win 
and  the  other  will  disappear,  unless  they  can  “ divide 
the  land  ” in  such  a way  that  each  will  find  the 
environment  most  suited  to  it. 

In  this  way,  whenever  a new  variety  branches  off 
from  the  old  stock,  it  comes  at  once  into  competition 
with  the  old  stock,  and  one  or  other  has  to  go 
under,  unless  the  new  variety  has.  been  produced 
by  extending  into  a new  environment,  in  which  case 
the  two  varieties  will  occupy  distinct  areas  (as 
allied  varieties  always  do).  And  from  that  moment 
the  new  environment  will  act  more  and  more  upon 
the  new  variety,  fitting  it  more  and  more  to  that 
environmen't,  and  consequently  differentiating  it 
more  and  more  from  the  old  stock  ; and  with  every 
fresh  variation  in  the  new  direction  there  will 
begin  the  same  old  struggle  between  the  more 
varied  and  the  less,  and  so  the  differentiation  will 
proceed,  and  every  connecting  link  will  get  beaten 
out  as  the  process  proceeds;  and  this  is  why  the 
connecting  links  disappear  so  that  we  rarely  find 
them. 

Thirdly  (though  this  is  rather  putting  the  last 
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argument  in  a new  form),  existing  species  have  not 
(or  at  least  rarely)  differentiated  from  each  other, 
but  from  a common  ancestor  whose  descendants 
branched  off  in  different  lines,  differentiating  more 
and  more  as  time  went  on ; so  that  to  find  the  con- 
necting link  between  two  species,  say  between  the 
fox  and  the  wolf,  we  need  not  look  for  some  exist- 
ing animal  that  is  half  fox,  half  wolf,  but  trace 
their  pedigree  back  (which  we  can  only  do  through 
fossil  remains)  till  we  come  to  their  common 
ancestor.  This  of  course  cannot  always  be  done. 
Still  it  has  been  done  often  enough  to  show  that 
that  is  the  right  way  to  do  it ; and  every  succeed- 
ing year,  geologists  are  able  o do  it  in  an  increasing 
C cases.  To  illustrate 
A by  diagram. 

/ y To  find  the  connecting  link 

/ y between  the  fox  and  the  wolf 

/ A we  must  not  look  across,  along 

/ \ the  line  AB,  but  up  AC  and 

BC,  and  we  shall  find  it  at  C 
(if  the  rocks  have  been  kind 
enough  to  preserve  it). 

IMPERFECTION  OF  GEOLOGICAL  RECORD. 

Fourthly.  There  is  the  imperfection  of  the  Geo- 
logical Record.  Since,  in  our  search  for  those  con- 
necting links  that  enable  us  to  trace  out  the  history 
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and  development  of  a species^  we  must  look  back 
through  the  past,  rather  than  across  in  the  present, 
our  chief  hope  lies  in  the  fossil  remains  in  the  rocks. 
And  here  great  difficulties  beset  us. 

(a)  Our  opportunities  of  looking  in  the  rocks 
are  so  few.  The  green  sward  covers  them  up  and 
hides  them  from  us.  It  is  only  in  the  face  of  the 
natural  cliff,  in  the  railway  cutting,  in  the  side  of 
the  well,  and  a few  such  rare  chances,  that  the 
contents  of  the  rocks  are  laid  bare  to  view,  and 
then  only  the  actual  exposed  surface  of  the  rock. 
Treasures  tmtold  of  the  kind  we  here  want  may  lie 
just  a few  inches  beyond  where  the  pick  struck,  or 
below  where  our  feet  stand,  and  we  know  nothing 
about  them.  Consider  for  a moment  what  an  in- 
finitesimal fraction  of  the  rock’s  contents  are  ever 
laid  bare  to  us,  and  yet  what  masses  of  evidence 
they  must  contain. 

{b)  Cuttings  and  excavations  are  made  by 
ignorant  workmen  who  will  not,  except  in  the  rarest 
instances,  notice  the  shells  or  bones  in  the  rocks  they 
are  hewing,  or,  noticing  them,  will  understand  their 
importance  and  preserve  them.  At  most  a remark 
to  a comrade  that  such  a piece  of  rock  is  “ curious  ” 
will  be  made,  and  then  the  piece  will  be  cast  aside, 
or  possibly  taken  home,  put  in  a corner,  and  for- 
gotten. There  can  be  no  doubt  that  thousands  of 
valuable  fossils  have  been  unearthed  and  lost  in 


154  the  elements  OF  DARWINISM. 


this  way.  How  rarely  must  it  happen  that  a 
scientific  man  is  by  to  notice  and  understand,  to  see 
that  the  thing  is  carefully  taken  out  without  break- 
age and  preserved. 

(c)  Remalins  of  dead  animals  and  plants  are 
preserved  by  Nature  only  in  very  special  cases ; 
that  is,  where  they  fall  into  the  water  and  are 
quickly  covered  up  by  deposit  of  the  river  or  the 
ocean  currents,  or  when  the  animal  retires  to  die 
in  a cave.  In  all  other  cases — the  vast  majority — 
the  dead  organism  is  devoured  by  wild  beasts,  or 
rots  away  in  the  jungle,  or  is  swept  out  into  the 
deep  sea. 

id)  Of  the  rare  specimens  (rare  in  proportion 
to  the  'number  lost,  though  abundant  enough  in 
total  numibers)  that  are  covered  up  and  fossilised, 
some  are  overwhelmed  and  destroyed  by  volcanic 
outbursts,  some  ground  to  powder  by  glacial  action, 
some  buried  under  fresh  formations,  and  in  in- 
numerable cases  the  strata  in  which  they  have  been 
embedded  have  been  since  worn  away  by  denuda- 
tion, broken  up,  and  carried  away  to  the  ocean. 
The  wonder  is,  not  that  we  find  so  few  valuable 
fossil  evidences,  but  that  we  find  so  many  as  we  do. 

But  as  engineering  works  and  excavations  are 
multiplied,  as  fresh  lands  are  explored  and  fresh 
rock  surfaces  discovered,  as  scientific  men  increase 
in  numbers  and  a better  look-out  is  kept,  dis- 
coveries will  come  faster  and  faster. 
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CONCLUSION. 

Lastly,  here  are  three  facts  which  to  me  seem  of 
great  weight,  i.  That  since  Darwin’s  day  science 
has  made  vast  strides  in  all  directions,  and  dis- 
coveries without  number  have  been  made,  filling  up 
gap  after  gap  in  his  plan,  supplyling,  one  after 
another,  missing  links  that  have  been  demanded, 
and  affording  corroborative  proofs  of  his  doctrines 
in  all  manners  of  unexpected  ways,  while  not  a 
single  discovery  has  been  made  tending  in  the 
opposite  direction  to  shake  his  doctrine. 

2.  That  though  his  theory  was  a direct  attack 
upon  pride  of  race,  authoritative  teaching,  accepted 
bellief,  and  the  religious  instincts  of  most  people, 
it  has  yet  by  its  own  unaided  force  of  truth  practi- 
cally overcome  in  a single  generation  all  opposition  ; 
even  the  clergy  no  longer  venture  to  dispute  it, 
and  there  is  hardly  a single  educated  man,  who, 
having  really  looked  into  the  matter,  has  any  doubt 
about  its  main  principles  being  correct. 

3.  It  is  the  only  explanation  known  that  fits  the 
facts ; and  after  making  all  allowance  for  the  gaps 
(which  are  every  year  being  filled  up)  and  for  the 
anomalies  (which  are  every  year  being  explained),  it 
exhibits  the  whole  plan  of  the  organic  universe  in  an 
intelligible  connection,  throws  a flood  of  light  upon 
things  that  before  were  unintelligible  chaos,  shows 
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natural  law  where  before  was  supposed  to  be  con- 
stant miraculous  interference,  and  gives  a new 
understanding  and  interest  to  scientific  investiga- 
tion. ft  is  truly  a light  to  lighten  our  darkness. 

But  bear  in  mind  this,  that  no  Evolutionist,  least 
of  all  Darwin  himself,  ever  claimed  that  tihis  theory 
explains  everything.  lit  does  not  open  all  doors,  but 
only  supplies  a key — ^not  necessarily  the  only  one ; 
other  keys,  supplementary  to  this,  may  be  dis- 
covered, and  probably  will.  But  that  does  not 
lessen  the  enormous  value  of  ithe  discovery  of  this 
key. 

Again,  Evolution  does  not  profess  to  be  anything 
more  than  a process,  an  explanation  of  the  way  in 
which  Nature  works,  not  of  the  power  that  enables 
her  to  work.  It  accepts  Matter  and  Force  with 
their  properties  as  inexplicable  but  simple  facts. 
It  makes  no  attempt  to  explain  how  the  universe 
came  into  existence,  or  what  set  it  going  once  it 
was  in  existence.  After  a course  of  varied  scientific 
study  and  a grasp  of  the  full  meaning  and  uni- 
versality of  what  we  call  Natural  Law,  one  can  see, 
in  a dim  confused  way  how,  granting  Matter  and 
Force  and  an  arrangement  of  some  sort  to  start 
them,  all  that  we  see  around  us  might  follow  as 
necessary  sequence.  Bult  how  there  ever  came  to 
be  anything  at  all — that,  to  me,  is  the  Mystery  of 
Mysteries,  beside  which  all  other  mysteries  are 
small. 
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Rememlbering,  then,  that  Evolution  is  merely  a 
process,  a way  in  which  Natural  Laws  operate,  we 
see  that  it  is  not  against,  or  for,  any  particular 
religious  belief.  It  has  no  more  bearing  on  such 
matters  than  have  chemistry  or  mathematics.  It 
can  accord  with  any  form  of  religioius  belief  except 
that  of  continual  miraculous  interferences. 


THE  END. 
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